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PERFORMANCE STARTS HERE 


A 1/1000th inch mistake can reduce a rotary pumn’s capacity by 10°% 
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FEATURED: 


DO YOUR OWN VALUE ENGINEERING .. . R A Murray 


Guide shows how a second look can shave manufacturing costs. . 


HARD HARNESS FOR EASIER WIRING . . . N R Lay, Chance Vought 


Molded-resin and fiberglass cover adds strength and support. 


PHOTOSENSITIVE GLASS CHEMICAL MACHINING N Lazar 


This combination turns ovt precision parts... 


HIGH-FORCE THERMOSTATIC ACTUATORS .. . J S Freismith, J Gould 


Wax-filled thermal controls are competing with other types 


SPRINGS: HOW TO DESIGN FOR VARIABLE RATE . . . J F Machen, U of Toledo 


18 diagrams show how to vary load/deflection ratio 


FIELDS OF INTEREST REPRESENTED IN DEPARTMENTS: 


More-stable lubricants coming up.. 

Columbium alloy resists heat, corrosion 

Antimony and cobalt strengthen titanium. 

New Cu-Ni-Si alloy shows combination of excellent properties 


Transmissionless engine sought by Army engineers 

Austrian engineer designs no-backlash drive 

British have new motor with two speed ranges 

Stepped spring is key to continuous-slip clutches and brakes 
Pneumatic regulator automatically controls speed of pulleys 


Ceramic relays move another step ahead... 
Heat resistance of electric components boosted. 
Fuel cells: sidelights on design 

‘Compactron’ to replace radio; TV tubes. 


Pneumatic tube system controlled by tuned reeds. 
Balance springs position X-ray safely 

Copy camera rolls to the job 

Cranked engine starts automatically. . 


Does Europe lead US in application of new materials? 
Science gets inside story on penguin eggs 
Navy goes overboard for hydrofoils. 
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Armco ZINCGRIP Steel 


Protects Against Rust and 
Corrosion at Minimum Cost 


Special hot-dip zinc coating that doesn’t flake or peel gives 
formed steel parts economical durability. 





If you are making parts like these—parts 
that require the strength of steel yet rust 
have low cost protection against rust 
Armco ZINcGRIP Steel offers you opportuni 
ties to save money and improve product per- 
formance. Here’s why 

* Zinceorip Sree. has the lasting protection 


of a full-weight hot-dip zinc coating (1.25 oz. 
or heavier). 














* The special coating on ZincGrip won't flake 
or peel despite forming, drawing, piercing, or 
other severe working. 

* Armco’s patented continuous process pro- 
duces a zinc coating of uniform thickness and 
composition. 

* For only a few cents’ premium over cold- 


rolled steel, you eliminate the need for plating, 
painting or other protection. 


* The economy and durability of Zincerip 
Street has been service-proved in thousands 
of applications for more than 25 years. 





Let us send you complete information on 
Armco ZINcGRIP Steel so you can determine 
how its advantages can be most effectively 
used in your products. Armco Steel Corpo- 


727 


ration, 2370 Curtis Street, Middletown, Ohio 
New steels are 
born at 
Armco 














ARMCO STEEL 


Armco Division + Sheffield Division + The National Supply Company * Armco Drainage & 
Metal Products, Inc. « The Armco International Corporation + Union Wire Rope Corporation 
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in egg with green paint for identification was also n 
problem; but designing a thermometer into an egg pre 
sented a few headaches. 

First, an egg was stolen from an Adelie penguin and 
bisected. Next, a tiny, elliptical, transistorized transmitter 
was placed inside the eggshell, which was then resealed 
with cement. Enough liquid was added through a 
mal! hole to equal the weight of a normal egg. This 
bugged” egg, calibrated against a standard thermometer, 

then returned to the nest, and the penguin accepted 

vithout question. For 132 hours, the radio worked 
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ly, transmitting its own temperature at 15-minute 
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vals. It showed that despite the frigid surroundings, 
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penguin maintained an average temperature of 9 
n the « 
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Fresh Fish, 
Two Rocks 
a Pound 


Money, the search to find it and the desire to spend 
' 


has caused trouble throughout histor l'odav, com 
panies keep such a keen eye on spending that a new 
onceived 
to squeeze a product's manufacturing cost to the lowest 
possible figure 


discipline, Value Engineering (p 61), has been 
| 5 S \l 


Money is as old as man, but it hasn’t alwavs taken the 
form of the familiar silver disks of today. Probably the coin 
ige of money began in Greece around 700 BC. A natural 
unber-colored material, electrum, is thought to have been 
the first substance employed for coins. Later, the Greek 


used allovs of silver and gold, while the Romans used 


bronz¢ ‘hose earl ins were but one means of 
barter. Perhaps the strangest money system is the one 
still used by the inhabitants of the Palau Islands in the 
Pacific. Since the islands have no metal, and shells 
ire too common, they decided that the stablest form of 
currency would be a type of stone quarried from another 
island group 200 miles away. A round, flat stone about 
a foot in diameter is worth about fifty cents. A huge 
millstone 12 feet in diameter is worth about a thousand 
dollars. 

Obviously, these gigantic rocks couldn’t be toted to 
the market place every time the housewife wanted to 
buv a fish for dinner, so the islanders have worked out 
in amazing system of credit. If you gain title to a rock 
in exchange for goods or services, you don’t have to cart 
iway the burdensome coin. Both parties simply make 
1 mental note of the rock’s new owner (there is no written 
language). If your money happens to rest on another man’s 
property, you have the right to visit it any time you 
desire. Evidently the islanders have had good memories, 
because no serious arguments over ownership have been 


reported Benedict A. Leerburger Jr 
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It came in too late to mention in our arti on “You 
ind Your Employer” (PE—June 20, p 59 But we're 
hoping it may be a new straw in the wind. Raymond 
Atchley Inc, a subsidiary of American Brake Shoe, just 
mnounced a 6120-sq-ft expansion of its plant near Los 
Angeles. The new space has been made into 35 air-condi 
tioned mahogany-paneled private offices for design engi 
neers. This averages 175 sq ft per office or the equivalent 
of about 12 x 15 ft of working room per man. The new 
quarters are to encourage creative thinking, where the men 


may grow to their own capabilities.” 








to work. 


inventors we seem to think. 


How to Select Miniature Lamps 


Polyamide-cured Epoxy Resin 








NEXT WEEK IN PRODUCT ENGINEERING 


Electron Beam Welds in Vacuum 


What you can weld with high-velocity electrons and how to put this process 


The Lagging Pace of US Invention 


President of the Sloan-Kettering Institute tells why we're not the great technical 


Buckling Conditions of Coil Springs 


Latest equations for predicting what happens when a coil spring is compressed 
between parallel or nonparallel plates. 


When space won't allow a standard lamp—6 watts or larger—you may have 
to turn to the little fellows. 


What you should know about this important model-shop material. 


Is Today’s Engineering Education Giving Us Creative Engineers? 


A young engineer gives his point of view. 














PRODUCT ENGINEERING - JULY 11, 1960 





In this 1960 LEWYT Vacuum Cleaner, Flexible Tubing does two important jobs: (1) it carries dirt, (2) it conducts electricity 


Proof that today’s designers can make 
Flexible Tubing do almost anything 


In the new Lewyt Vacuum Cleaner, Model 121, a motor- 
ized head revolves brushes that beat out and sweep up 
the dirt. How to get power to this Motorized Beater 
Sweeper without unsightly wiring posed a problem. 

Solution: Flexible Tubing’s ““Vac-U-Flex” vinyl hose. 
It carries the dirt and conducts the current through 
a unique double-coil wire reinforcement inside the hose 
wall. Neat . simple . . . efficient and styled to match 
the machine. Perfect example of the design versatility 
you get with Flexible Tubing! 

Whenever the handling of air, liquids or light solids is 
a design problem, there’s a Flexible Tubing product that 


2 Flexible Tubing 


CORPORATION 
= Anaheim (Los Angeles) * Guilford, Connecticut 


Hillside (Chicago) 
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can do the job! You can choose fabrics, coatings and sizes 
to fit your specifications. 

Flexible Tubing is at work today in diesel engines, 
electronic computers, farm combines, television trans- 
mitters and hundreds of other places. To find out what 
Flexible Tubing can do for you, just mail the coupon. 


Flexible Tubing Corp., 107 New Whitfield St., Guilford, Conn 
Gentlemen 

I'm designing a new product I'm redesigning an old one 
One of my problems is the handling of air liquids | light 
solids [ Could be Flexible Tubing can help me solve them 
I'll give you 10 minutes to show me, to prove it. Phone for appoint 
ment No problems right now. Send me literature for my files 


COMPANY 
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Ceramic relays move another step ahead 


First reports on the ceramic (piezoelectric) relays being developed by Clevite 
Corp (PE—Jan 11, p 8) indicate that such devices are feasible and can operate 
over a rather wide temperature range. Prototype models have already been applied 
to snap-action switches; and other drive applications may be explored. 

“A full evaluation has not yet been effected,” says Clevite; “but preliminary tests 
indicate operating speeds of less than 5 millisec are obtainable.” 

Release times for the ceramic relays are a function of the shunt load resistance; 
this, in turn, influences the sensitivity. ‘Where the dutv cycle is small, shunt load 
impedances in excess of 1 megohm can be used, with a resulting sensitivity of less 
than 10 milliwatts for 100-v operation and 2.5 milliw at 50 v. If release times lower 
than 100 millisec were required, though, impedance loads of about 100,000 ohms 
would be needed 

Clevite emphasizes that little is known as yet about shock and vibration resistance, 


for instance. But progress thus far is decidedly encouraging 


Heat resistance of electronic components boosted 


Printed electrodes that stand temperatures above 2300 F, and thin-film resistor, 
conductor, and capacitor elements that will operate continuously at nearly 1400 F, 
are reported by Mellon Institute. 

Produced by both evaporation and screen-printing techniques, the samples include 
glaze and nonglaze types. In general, the nonglaze, produced by screen printing, 
show considerably higher heat resistance than the samples made by vacuum evaporation 
methods. Research is continuing, under Air Force sponsorship 


Transmissionless engine sought by Army engineers 


An engine that will deliver power directly to a vehicle’s wheels—without requiring 
a complex transmission—is the ultimate aim of a research program now underway 
at Detroit Arsenal. Arsenal engineers admit they're still a long way from that 
goal. But they have made substantial progress in developing “responsive” engines 

engines that will deliver exactly the combination of torque and speed required at 
any given level of performance. Latest designs are more than halfway towards 
that goal, and further progress is expected. No reports have been issued as yet on 


this “responsive engine” research; but full disclosure is expected within the next yea 


Austrian engineer designs no-backlash drive 





l'o prevent spindle rotation in 
in extension beam drive, Felix 
Fritsch of Simmering Graz 
Pauker, AG, Vienna, has ck 
vised the dual-nut system dia 
gramed here. 

In the new spindle drive 
there are two separate nut 
ye driven directly, the other 
through a freewheeling  fric 


tion-tvpe clutch. The latte: Thrust be 79 Sek H —_—ei - 
s adjustable from outside the He ANH ] 
Spindle OY 


AUSTRIAN DRIVE features twin nuts, one driven 
lirectly (by gear), the other through a free-wheeling 
SGP. clos ' . Pee - ; 

las} , Close fit without ba k- clutch. In the unit diagramed, pinion A is directly 
hSDN ARG driven; pinion B is driven through the clutch. 


rr 


spindle gear housing hus 








it is possible to preselect the 





pressure between the two 


pindle nuts, assuring, says 
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Have you ever 
attended a Lamb Electric 


MOTOR CONFERENCE? 


lf you are planning a new product that will require a Special 
Fractional Horsepower motor . . . a Lamb District Engineer will set up a 
“‘Personalized Motor Conference”’, just for you. 
Result: The RIGHT MOTOR produced at the most favorable cost. 
THE LAMB ELECTRIC COMPANY « KENT, OHIO 


A Division of American Machine and Metals, Inc 
in Canada: Lamb Electric — Division of Sangamo Company Ltd. — Leaside, Ontario 


Gb @ 2. 


Divisions of American Machine and Metals, inc., New York 7, New York TROY LAUNDRY MACHINERY 
S * FILTRATION FABRICS 


RIEHLE TESTING MACHINES « DE BOTHEZAT FANS * TOLHURST CENTRIFUGALS « FILTRATION ENGINEERS 
NIAGARA FILTERS « UNITED STATES GAUGE * RAHM INSTRUMENTS * LAMB ELECTRIC CO. + HUNTER SPRING CO. * GLASER-STEERS CORP 
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DEVELOPMENTS TO WATCH... 








continued 





More-stable lubricants coming up 


he best way to prevent lead corrosion by diester oils in storage is to exclude moisture, 
says Naval Research Lab’s Chemistry Div. But, where that is impossible, new additives 
how promise of minimizing the problem. 

Lead corrosion results from the progressive formation of an acid half ester by 
progressive oe This is catalyzed by acid phosphates, among them, tricresyl 
phosphate used as a wear-inhibitor. But, they say, aliphatic amines can effectively 
neutralize the ssceghtes, largely eliminating the problem. An interim report (NRL 
5451) is being prepared and will be av: ilable in photostat and microfilm form from 
OTS. Dept of Commerce, Washington 25, DC as PB 14452¢ 


Europe leads US in application of new materials, engineer claims 


The Europeans are about two years ahead of us in use of th renopnaction for auto- 
mobiles, W. P. Gobeille of American Motors told an SPI mee ting; and, he says, 
they’re achieving savings in weight and operating economy that we can’t match. 

Among the new applications that will bring increased usage are hoods, wheel disks, 
fan blades, fuel tanks, interior window moldings, complete mol \ded seats 


Columbium alloy shows resistance to heat, corrosion 


[The 80-10-10 columbium-titanium-molybdenum alloy developed by DuPont and 
Thompson Ramo Woolridge, is now reported to be “conservatively 5 times as 
resistant to oxidation as pure columbium, and about 100 times as resistant as 
molybdenum.” Ductility at room temperature and resistance to thermal shock are 
also reported to be good Tensile strength at room temperature is 100,000 psi, 
and even at 2000 F in air, it is 34,500 psi. 

DuPont says the alloy (D-31) can now be produced in sheets 0.020 to 0.100 in 
thick in widths to 24 in., bars 3/4 to 3 in. dia, and foil 0.005 by 6 in 


British have new motor with two speed ranges 





A linear motor that will provide both 
power-traverse and micro-inching speeds is 
claimed by AIE (Rugby) Ltd of London 

The armature winding is made up 
1 number of winding sections, each is con ote J 
nected to terminal contacts on the armatur HH +H igi ny allt 
with means provided for connecting them 
selectively in series, parallel, or series-paral 
lel. This may be done by providing alterna 
tive contact strips that are selectively 
brought into engagement; or by use of 
rotating drum carrying a series of shaped 
contacts positioned so they can be brought 
into engagement in the desired order. 

In the prototype model, the winding 
sections are in the form of annular coils 
seated in circumferential grooves around 
an iron core mounted integral with the 
yperating shaft Che windings are con- 
nected to adjacent segments of two linear 
or rotary commutators, and brushes posi |_| 
tioned around one provide current I+ contact SEOMEN Sp 

The commutators are linked with the ™~ Brushes —~ 
urmature shaft in such a way that they 











: . ARMATURE of linear motor, moving axially in mag- 
transfer excitation current from the wind —— ‘ a ta : 

. netic field, carries paired winding coils, as indicated 
ings directly in the stationery field to those in upper diagram. Lower diagram shows how coll 


about to enter it —ARG ends connect to commutator sections and brushes 
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Fuel cells: sidelights 
on design 

Now that the operating principles 
ind potential advantages of the fuel 
cell have been widely demonstrated, 
auxiliary problems like storage and re- 
generation of fuels are coming into 
the limelight 

At a meeting of the Society of 
Aeronautical Weight Engineers, for 
instance, C. K. MecBaine of North 
American Aviation, pointed out that 
four systems might be used for stor- 
ind high 


we of hydrogen oxygen 


pressure, ultralow temperature, sub- 
mersion of cold compressed hydrogen 
gas in liquid oxygen, and storage of 
hydrogen in 


form 


chemically combined 
(hydrides), with liberation of the 
element as needed 


There are at least four methods 


available, too, for regeneration of th 


this 


including 


reactants in system: electrolysis 


photolysis biological ac 


tion), radiolysis, and thermal decom 
position 

Which will be the best choi 
The final ll, of 


pend on the appli ition 


answer W course, a¢ 


But befor 
supplied 


mmswers can be 


McBaine believes a lot more 
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lassihcation and condu 
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; irprisingly 


5 needed to 


‘udging 
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weight 


Antimony and cobalt 
strengthen titanium 


Titanium-antimony alloys 
ind harder than unallovex 
Bureau of Mines 
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tanium researcher 
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reases tensile 
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illoys and report c 
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amounts fo 


) 


strengthening titanium than is an 
equal weight-percentage of vanadium. 
Ti-V alloys, even with vanadium in 
amounts to 16% by weight, show a 
tensile strength no greater than 122,- 
000 psi. 
mere 2%—raises the figure to 127,000; 
and 4% brings it close to 138,000 
Surpzisingly, an 8%-V alloy, with co 
balt additions, developed even greater 
strength. The basic alloy showed a 
strength of 107,500 psi. With 2% 
Co, it jumped to 134,800; and 4% 
Co brought it to 167,500 psi. Hard- 
ness, too, reached a peak in the 8%-V 
alloys, with both 12% and 16%-V 
materials somewhat lower 
hardnesses, though not 


4$%-V. 


Addition of cobalt—even a 


showing 


as low as the 


Choosing glass for 
vacuum systems 

Aluminosilicate glassware is superior 
to most other types when pressure 
range down toward 10mm Hg, says 
W. W. Campbell Jr of Naval Research 
Lab 

Tests at NRL indicate 


lead glass can’t ’ high bake 


potash soda 
temperatur ften required to pro 
duce such vacuums Borosilicate glasses 
1ave relatively 
] lativel 


glasses 


ind high-silica 
high helium permeation constants 
asses not 
to 1200 
1300 } 


olybdenum 


But new aluminosilicate gl 


only stand bake temperatures 
F (annealing point is above 


but also can be 


) 


ind have low constants 


Linear coefficient pansion 47 


times 10 


briefs . 

Strain gages must be compensated for 
radiation, just as they are for temper 
iture, say N. J. Rendler and R. ¢ 

Smith of Naval Research Lab. Stu 
lies of the effects of nuclear radiation 
mn ceramic-bonded strain indi 


gvaces 
gages 


} } 
ate their electrical resistance vari 


with reactor power, and there are both 


temporary and permanent damage ef 
But, l 


thev say, when instru 
mentation can be designed for a drv, 


tects. 


noncorrosive atmosphere, and insula 


tion resistance can be monitored, it 


possible t ympensate 


ate satisfactorily 


for these 


changes so that such gages will oper- 
as transducers in a 
radiation environment. 


Impact strength of mild steel at low 


temperatures can be increased by 
minor additions of columbium, 
British Iron and Steel Research 
Alloys having 0.8% Cb are reported 


to show 


Savs 


Assn. 


“a general displacement of 
the transition curve, dropping the 
Charpy V-notch transition tempera- 
On the 
hand, though columbium is known 


ture to minus 94 F.” other 


to increase room-temperature yield 
point and ultimate tensile strength 
BISRA says it does not, in small per 
centages at least, seem to increase the 
clongation 
Chromium alloy “tubrics” are the best 
materials now availab!e for reentry pat 
Arthur D Little Inc in a 
report prepared for Wright Air Devel- 
ADI 
ceramic, glass, and 
ind fabrics; it 


several high-melting glasses, refractory 


ichutes, says 
opment Div evaluated a wide 
range of metal 
polymer fibers found 
metal alloys, and single-c ystal “fibers 
worth further investigation. But, says 
ADL, 
nickel-chromium and cobalt-chromium 
illoys are the best bet nght now 
Copies of the report (PB 161411, 16 
pages, $3) may be obtained from OTS, 
Dept of ¢ Washington 25 
DX ARG 


fine wire fabrics made from 


OMNMCcrcee 





OSCILLOSCOPE CAMERA, hinged t 
rmit easy access to shutter and lens 
has binocular Polaroid film 
pack, mounts on standard scopes. An 
alab Instrument Cedar Grove 
N J supplies it choice of three 
lenses. Price $405 to $445 


viewer, 


Corp, 
with a 


range 





On the 1960 Westinghouse Laundromat... 


NEOPRENE AND HYPALON® ELIMINATE OZONE-CRACKING: 
ARE SPECIFIED FOR ALL RESILIENT COMPONENTS 


In designing their new Laundromat automatic 
washer, Westinghouse engineers set out to solve 
an aggravating problem: ozone deterioration of 
rubber parts. They knew from experience that 
drain hose, gaskets, boots and seals made from 
ordinary rubbers were susceptible to the oxidizing 
effects of ozone, and they wanted to eliminate this 


danger in their new design. 


Needed were synthetic rubbers capable of per- 
forming dependably despite exposure to ozone, 
heat, abrasion, detergent water and bleach. The 
solution was provided by a pair of rugged Du Pont 


neoprene and HYPALON. 


elastomers: 


Neoprene was chosen for its exceptional ability 
to absorb punishment. Unusually resistant to 


ozone, this versatile rubber is also highly resistant 


And neo- 


prene’s excellent age resistance keeps appliances 


to heat, abrasion, oils and chemicals. 


on the job. Neoprene parts stay tough and lively, 


without cracking. swelling or softening. 


HYPALON is completely impervious to ozone, 
whether atmospheric or motor-generated. Ideal for 
seals, hoses, and other molded or extruded parts, 
it resists deterioration and stays resilient despite 


constant abrasion, flexing, temperature extremes. 


To learn more about the Du Pont elastomers, 
and how these synthetic rubbers can solve your 
appliance design problems, write for our fact-filled 
booklet outlining properties, performance and ap- 
I. du Pont de Nemours & Co. (Inc.). 
PE-7, Wil- 


plications. E. 
Elastomer Chemicals Department 


mington 98, Delaware. 


Ozone tests like this convinced Westinghouse —Specimen on left, made of natural rubber, has deteriorated com 
pletely after only 14 minutes of ozone exposure. One on right, made of HYPALON, is unaffected after 100 hours of 


exposure to the same concentration of ozone. 


SYNTHETIC RUBBER 


NEOPRENE 


WEG. u, 5, pat. OFF 


HYPALON® VITON® ADIPRENE"* 


Better Things for Better Living .. . through Chemistry 
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with capacities to 50 hp! 
LINK-BELT 


ye ene 


VARIABLE SPEED DRIVES 


All-metal drives use single-roll chains 
to achieve positive, stepless, infinitely 
variable speed control 


With a unique chain design and force lever sys- 
tem, Link-Beit RS P.1.V. drives represent a major 
advance in direct-drive variable-speed transmis- 
sion. It's the most compact mechanical 50 horse- 
power variable speed drive on the market. 

Twin strands of high-load capacity chain oper- 
ating between opposing conical wheels permit 
extreme compactn¢ss. The effective diameters of 
the wheel faces are altered during operation, 
changing their ratio and the output shaft speed 
accordingly . . . providing smooth, positive, accu- 
rate speed adjustment between maximum and 
minimum settings. Constant hp or torque is main- 
tained over the complete speed range. 

Link-Belt RS P.LV. drives are all-metal and 
pressure-lubricated. Capacities to 50 hp, with 
speed variation ratios up to 5.5:1. For full details, 
contact your nearest Link-Belt office. Ask for new 
Catalog 2874. 


' VARIABLE SPEED DRIVES 


LINK-BELT COMPANY: Executive Offices, Prudential Plaza, Chi- 

cago 1. To Serve Industry There Are Link-Belt Plants, Ware- 

houses, District Sales Offices and Stock Carrying Distributors 

in All Principal Cities. Export Office, New York 7; Australia, 

Marrickville (Sydney); Brazil, Sao Paulo; Canada, Scarboro 

(Toronto 13); South Africa, Springs. Representatives Through- 
out the World. 
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FROM WASHINGTON ... 


Navy Goes Overboard for Hydrofoils 


I'he Navy is eyeing hydrofoil boats as a major defensive weapon against submarines 
It recently let a $2-million contract to Boeing Aircraft to build a 110-ft, 100-ton 
hydrofoil. The Navy specifies that the boat be equipped with torpedoes and snb 
marine-detection equipment, and have a normal cruising range of 2000 miles, and 
a 700-mile hydrofoiling range. 


Top Navy brass told the House Committee on Science and Astronautics that 
they want hydrofoil vessels up to 1000 tons. This may not be the upper limit 
for such boats. ; 


Rear Adm R. K. James, Chief of the Bureau of Ships, says hydrofoils show 
“great promise of being extremely important in the antisubmarine-warfare effort.” 

Varying lift capabilities of hydrofoils to adjust to water-surface changes is the 
biggest problem to be solved, the Navy says. ‘There are four basic hydrofoil designs 
that have had varying degrees of success. ‘They are: tandem-submerged foils, surface 
piercing ladder foils, surface-piercing V-foils, and the Grunberg configuration con 
sisting of submerged after-foils with surface-skids forward 

The Navy is building a submerged-foil boat with a sensing device to adjust the 
foils for water-surface changes. The Maritime Administration is doing research 
and development on an 80-ton, 60-knot hydrofoil with V-type foils. Canada has 
built a 70-knot ladder-type hydrofoil boat that weighs 17 tons. Tests have been 
so successful that the Canadians are now planning a 200-ton model 


Shipboard Equipment for Satellites in Offing 


The Navy's transit-satellite navigation program will require special shipboard receis 
ing equipment. So far, however, the Navy has not released enough information 
on the requirements of the equipment to allow design engineers to start work 


Potentially, there is a big market for such equipment. Not only will all major 
naval vessels need to be outfitted with receiving gear, but merchant ships and 
possibly aircraft as well. 


Industry has come up with some rough cost estimates of shipboard equipment. 
‘he best guess, based on the limited information Navy has given out, is that it 
will cost around $1500 to outfit a merchant vessel with equipment that will provide 
navigational fixes accurate to 4 mi. Pinpoint navigation for naval vessels is expected 
to cost up to $60,000 per ship 


House Pushes Machine Translation 


\ national center for machine translation will be required in the near future. ‘That 
is what the House Committee on Science and Astronautics says after a round of 
hearings on the matter. Such a center would have branches in specific areas 
throughout the world under the coordination of one agency 


A report just released by the committee raps the National Science Foundation 
for foot-dragging in this field. The report states that “The National Science 
Foundation, although participating in this research program on mechanical tran 
lation, is not assuming the predominant leadership role that is expected of the 
Foundation.” 


Army-financed research being done by the National Bureau of Standards is th 
best approach to machine translation, according to the Committee. In the long 


1] 


run, the Committee feels this method of syntactical analysis will produce the best 


readable translation as far as sentence structure is concerned 
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This cylinder for a hydraulic press was cast and machined in 


| @ Blaw-Knox Steel Foundry. Weight— 231,000 pounds. 


Blaw-Knox Steel Foundries have machine capacity 
to handle the most unusual product requirements 


Planing, turning, milling, or boring the most unusually 
dimensioned casting is no problem in a Blaw-Knox 
Steel Foundry. There you will find planers up to 15 feet 


<x 15 feet x 36 feet, lathes with an 84 inch swing, and 
planer type milling machines up to 6 feet x 6 feet x 25 
feet. In the same machine shops, you will find the 
smallest precision tool room equipment. 

This huge line-up of tools is part of the basic equip- 
ment of each of the five Blaw-Knox Steel Foundries. 
Because Blaw-Knox is one of the world’s leading 
builders of rolling mills and industrial machinery, its 
machine shops are equipped to handle all of the opera- 
tions necessary to finish a steel casting for assembly 


into the complete unit or sub-assembly. 

Machining to exact specifications with a wide variety 
of tools is another way Blaw-Knox Steel Casting 
Service adds value to your product. There is no need 
to ship the rough casting to another location for 
machining. You have the advantage of a single respon 
sibility from patternmaking to shipping. 

If you design or build a product using cast steel com 
ponents, ranging from 50 pounds to 300,000 pounds, 
Blaw-Knox would like you to have a copy of our 
brochure detailing Blaw-Knox Steel Casting Service. 
Write to the Foundry and Mill Machinery Division, 
300 Sixth Avenue, Pittsburgh 22, Pennsylvania. 


BLAW/-KNOX 


Stee/ Castings 





MUFFIN FAN SELLING PRICES 


1-9 10-24 25-49 50-99 100-499 500-999 1000 up 


SkeletonFan $12.80 $11.50 $10.20 $8.95 $830 $7.35 $6.40 


Venturifan 13.70 1230 10.95 960 890 790 685 


GrilleFan 1450 13.05 11.60 1015 945 835 7.25 
Filter Fan 1585 1440 1295 1150 1080 970 860 


MUFFIN SKELETON FAN MUFFIN VENTURI FAN MUFFIN GRILLE FAN” MUFFIN FILTER FAN 


WRITE TODAY FOR COMPLETE DETAILS ON THE REMARKABLE ROTRON MUFFIN FAN... 


ROTRON WOODSTOCK, NEW YORK — ORiole 9-2401 
ROTRON ® mfg. CO., INC. in Canada: The Hoover Co., Ltd., Hamilton, Ont 
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Pneumatic Carrier 


Routed by Acoustics 


Lonpon—A British company has us‘ 
electronics and acoustics to rede 

the time-honored pneumatic-tube ca 
document 
developed by Dialled Dx 
Ltd, links from 10 to 45 sepa 
station 


moving cartridges at speeds up to 


rier system This new 
carrier, 
patche 


rate and intercommunicating 


mph 
lo operate, the sender di 


i 
number of a required station 


soundhead positioned on the 
wering reeds tu 


When 


ipproaches its station, a 


Carric mK 
ticular frequencies 
cks up the reed note and 
amplifier operates an electroni 
a deverter which 
into its stahon 


controlling 
the carrier 
The tem’s single transmission 
tube i ized PVC Star.d 
tul 2§ 0 
ernal when interna 


nt the 
ngth range 

for the 

ind 143 


between 


HOW IT WORKS 


Cart ha twit ephone 
which expose tuned reeds. Wher 


carrie! nserted into the transmi 
tube, the passage of air over the ree 
hord to be emitted, peculia 
station 


Electronic control units at the receiver 


Causes a 
to the tuned amplifier of onc 
stations have band-pass selectors 

that slight signal frequency variation 
will have no effect 
on the 


tone information and correspond to 


Plug-in numerals 


control unit chassis contain 


figures on the tone head, so that sta 
tion codes can be changed easily on 
office replanning 

As the carrier travels through th« 
tube, it passes a microphone at the 
approach to each station. But onh 


when the tone emitted by the carrier 
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APPLYING ACOUSTICS to pneumatic-tube message delivery, Dialled Despatches, 
Ltd, has developed a system which can service up to 45 stations at speeds of 
30 mph. Sender dials station's special number on the sound-head of the cylin- 
drical carrier; this action uncovers reeds tuned to certain frequencies. Carrier 
microphone relays this electronic alert to a diverter which deflects the carrier 
into the desired station—dial at right serves for up to 10 stations; dial at left 
is pressed into service when up to 45 stations are in operation. 


unpatible 
f a particular 
diverter be operated 

Automatic traffic 
ions between carric 
microphone switch, receiv 
ind junction switch, together 
cries of electrical interlocks 
rier, already in the 


ion tube, has p 


main tr 
issed the trafh 
f a main station where anoth 
is being injected, injection of t 


rier into the main tube 


natically delayed 

\irflow through the station 
tubes is only accomplished during in ss delivery am 
rhon and removal of car 


dirt out Airflow through 


floor spact 


—Nick Landon, London Bureau 


Another Monorail Proposed for Los Angeles 


Los ANGELES—A transit system run tires on concret 


ning at twice the speed of US mass mostly on over 


aN 


transit average, and costing $529,700, 


some mile ig¢ 
000 has been recommended to the Los 
Angeles Metropolitan Transit Au by single concrete 
thority (MTA Ihe initial system 5, p 15 

would total 74.9 miles and consist of lhe system 


track structure would be supporte 


olumn PE 


four lines extending out from Los , and 

Angeles, central business district to iverage speed of 
Covina, Santa Monica, Long Beach UTS 
ind Reseda The 


Ihe system would utilize 54-seat ain 


MTA 
ifter eight months of study by the en 
gineering firm of Daniel, Mann, John 
son and Mendenhall! s 


report was made to 


conditioned, lightweight cars, electri 


cally propelled on pneumatic rubber 
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TWO COMPACTRONS are shown at right in comparison with the five miniature 
tubes (left) they replace in a radio receiving set. The compactrons combine in 
two units all of the functions of the five tubes (left to right, 12BE6, 12BA6, 
12AV6, 35W4 and 50C5). These two and others in development at General 
Electric’s Owensboro, Ky plants, will permit makers of radios, TV and high 
fidelity sets to reduce size of their cabinets. 


New ‘Compactron’ to Replace Radio, TV Tubes 


New Yorx—A new electronic device 
called a “compactron,” replaces con- 


ventional miniature tubes to help 


achieve considerably less expensive, 
circuitry for radio, 
television and high-fidelity sets. De- 
veloped by General Electric at its 
Owensboro, Ky plant, the device was 


demonstrated here in the form of a 


more compact 


2-compactron radio mockup, measur- 
ing 24 x 24 x 104 in. 

According to GE engineers, a tele- 
vision receiver could be designed with 
10 compactrons replacing present set 
circuits that require 15 tubes and 3 
diodes, or 24 transistors and 11 di- 
odes; a 2-compactron 12-volt automo- 
bile radio could obsolete the present 
4-tube car radio design; and monaural 
high-fidelity equipment could be built 
using 4 compactrons rather than 6 
tubes or 11 transistors. 
device shows 
promise of wide use in industrial con- 
trols and instrumentation, as well as in 
2-way communication equipment. In 
these areas, they say, the advantages 
of smaller size and multifunction capa- 
bility at lower cost would be equally 
strong 


Development engineers said also 


GE says the new 
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that other circuit elements would con 
ceivably be included in evacuated com- 
pactrons in the future to further en- 
hance miniaturization, reliability and 
total cost savings. They said the line 
will eventually comprise 75 to 100 
types. 

W. F. Greenwood, manager of mar- 
keting for the Owensboro facilities, 
stated that prices have not been estab- 
lished for compactrons, but that sav- 
ings in material and labor would 
eventually make possible an estimated 
20% lower price per function than 
tubes, and considerably lower than 
transistors. 

Greenwood predicted that compac- 
trons eventualiy would replace most 
present-day 7- and 9-pin miniature 
tubes, as manufacturers continue to 
make progress in reducing equipment 
sizes to meet the “small-package’”’ ap- 
peal of transistorized units. 

C. D. McCool, manager of prod- 
uct design at Owensboro, said that 
new metallurgical developments, lead- 
ing to improved thermal efficiencies, 
make important contributions to com- 
pactron design and operation. 

Included in these, he said, is a new 
anode material that reduces by as 


much as 40% the heater power re- 
quired by the cathode. Another de- 
velopment is a clad material expected 
to be incorporated in future com- 
pactron units that improve both the 
hot strength and thermal efficiency of 
cathode elements. 

Arthur F. 
manager of 


Dickerson, Owensboro 
product planning, ex- 
plained that singlefunction compac- 
tron designs, which would replace con 
ventional tubes on a one-to-one ratio, 
because the 
power requirement was close to maxi- 
mum limitations for one unit, or be 


were necessary either 


iuse of the dictates of good design 
practice imposed by the need for high 
voltages in some functions. 

McCool said that 
now scheduled for production use 12- 


compactrons 


pin connections in a circle 3 in. in 
dia and a dome-shaped envelope ex- 
hausted from the bottom. They are 
about 14 in. in dia and vary in seated 
height from | to 23 in. 

I'welve connections were chosen, 
McCool added, to 
multifunction elements within the 
unit. They are spaced to provide lati- 
tude in lead separation, with a mini- 
mum of interaction at the base. The 
design avoids undue clustering of as- 
sociated components, and, the large 
\2-pin circle adapts better to the 
larger 1 4-in.-dia designs of high power 
output tubes. 


accommodate 


FUTURE USES CITED 


The large-dia circle of the 12 con- 
nector pins, McCool said, also adapts 
the compactron well to printed cir- 
cuitry, permitting adequate isolation 
of the plate from other electrodes in 
operation. This isola- 
tion, with “blank” pins on either side 
of the plate connection, provides an 
arc (high voltage) rating in the order 
of 10,000 volts dc, he said 

Among assembly economies possi- 
ble with compactrons, McCool stated, 
is the use of an integral heater supply- 
ing as many as three separate cathodes. 
his eliminates four heater welds and 

translates to lower production costs 
ind inherently greater reliability in 
the device. 

‘While the integral heater is not 
a new development, this is the first 
large-scale application where elements 
with three heater functions have been 
combined in one continuous unit,” 
McCool concluded. * 


high-voltage 
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OLD AND NEW artificial “nerve net” of the perceptron. The 
rack at left holds 512 association units of the Mark I in 
These units are electromechanical—dc 
motors driving relays. At right are electronic association the devices to help 


banks of eight 


MIND to Speed Perceptron 


Newport Beacu, Cait The Mark 
II perceptron being designed by Co 
nell Aeronautical Laboratory will 


the newly de 


\ 


yCuron 


probably incorporate 
veloped Magnetic Integrator 
MIND 

veloped by Aeronutronic, a div of Ford 
Motor Co. The Mark I perceptron 
PE—July 4, p 17) uses electro 


mechanical 


Duplicator recently de 


devices; the association 


] 


units are dc motors driving relay 


These units require a considerabk 
umount of space, and at the same time 
are slow to learn 

based on the 
principle of BIAX computer element 
is about a fourth the size 


The electronic unit, 


of a penny 
and is composed of a magnetic core 
with an inner hvle through which 
The ceramic core is 
capped with a metal washer and again 


wires are strung 


wound with wires. 

Joseph K. Hawkins, manager of Self 
Organizing Machine Research at Aero 
nutronic, says the artificial neuron 
stores or “remembers” the effects of 
past events by increasing o1 decreasing 
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Aeronutronic, it 


the amount of flux stored in a mag 


netic circuit. Memory contents are 


read simultaneously at electronic 
speeds from a series of similar artificial 
neurons. In this way the sum total of 
past experiences controls the decision 
response” made by a network of 


MIND elements. 


EXPECT 10,000 A-UNITS 


Best guess by members of CAI 
that the Mark II will have about 10 
100 A-units. But, cautions Hawkins 
we are still a long way from building 
inythirg even approaching the com 
plexity of the human brain with its 
ipproximately 80 billion neurons 
An equal number of MIND devices 
stacked one atop the 
reach 80,000 miles. 

During testing, the MIND device 
has “learned the rules” for giving cot 
rect answers 


other, would 


in coded language—in 


response to a limited number of 
electronically stated problems, Haw 
kins disclosed. The problems coukl 
ilso be posed visually, by sound, or by 
other signals corresponding to human 


senses m 


units composed of ceramic magnetic cores. Developed by 
will be used in the Mark II perceptron 
being designed by CAL. Transistor circuits are used with 


carry out decision-making functions 


New Epoxide Building Blocks 


New Yorx—Union Carbide Chemi 


} 


Co is now commercially market 


of epoxides—the basic 


; 
t 


ing a new series 


monomer building block for epoxy 


] 


sins for laminates atings, ad 


hesives and castings. Produced from 
peracetic acid, the new epoxides are 
making possible resin systems with 
better color stability, higher strength 


high temperatures, easier fabricating 


haracteristics, and extended pot life 
For example, 2 new laminating resin 
developed by Brunswick Corp for mi 
sile parts, and based on UCC’s epoxid 
Unox-207 is the first to pass the re 
quirements of MIL-R-9300A_ f 


: . ‘ 
missile radome laminates. In the coa 


Schenectady Varnish Corp 


ing field, | 
has developed a one-component trans 
former encapsulating resin based on 
Unox-201 that will meet Class | 


311 1 


ind higher ratings. Casting 
d on Unox-206, the third 
epoxide, are reported to have unusual 
mpact strength above 450 I Ad 


show lap 
shear strengths of 800-1000 psi = 


hesives based on Unox-207 
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DOW | Now an magnesium and aluminun 
| . EE 


NEW DOW DEVELOPMENTS PROVIDE 
DESIGNERS WITH ADDED ADVANTAGES 
IN LIGHTWEIGHT MAGNESIUM 


Mister RO RO EE PR A 


Lightness, ease of fabrication and other features of magnesium 
contribute to improved designs for many products—from air- 


planes and missiles to luggage . 


. . from industrial machinery 


to cameras. Now, new developments by Dow provide greater 
design flexibility than ever before—in fabricated components 
you require, in materials and processes to facilitate your plant's 


operations. 


RE LL A eT EER A EE 


NEW CLOSE SHEET TOLERANCES 
HELP SOLVE WEIGHT PROBLEMS 


When the design problem is stress 
distribution versus weight, the 
new, closer magnesium sheet tol- 
erances available from Dow upon 
special request offer a real advan- 
tage. As shown below, new toler- 
ances are one half of standard 
tolerances. This permits designers 
to provide for required 
distribution, based on minimum 
thickness, without having to ac- 
commodate all the extra weight 
that might occur with the maxi- 
mum thickness permissible with 
conventional tolerances, 

Especially useful for aircraft 
and missile designers, this close 
tolerance sheet is also suggested 
for use in air-transported equip- 
ment or wherever minimum 
weight is critical. 


stress 


COMPARISON OF TOLERANCES 
48-inch-wide sheet 





| 
| 


| Close 
Tolerances 


Gauge Standard 





0013” 0025” 
0015* = .003 
= .002 > .004 
002 © .004 
= .002 © .004 
= .002 = .004 
002 004 
© .0025 © .005 
© .0025 © .005 
= .004 © .008 
190 ~ .005 = .010 











Tolerances 








*For HM21A-T8 .040” close tolerance is + .002” 
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NEW SPECIAL BEND SHEET 
ELIMINATES HEATED DIES 


Critical bends can now be easily 
formed at room temperature 

without heated dies—using Dow’s 
new AZ31B-O Special Bend 
Sheet. Without cracking, it bends 
through an angle of 90° around a 
mandrel radius as small as two 
times the nominal sheet thickness. 
Among many suggested applica- 


New sheet is bent without heated dies. 





BEND FACTORS 
Longitudinal 
bend factor 


Transverse 
bend facior 


Nominal 
thickness 


0.040 ~0.100 2.0 2.5 
0.101”-0.190" | 2.5 3.0 











Tensile yield strength meets Federal Specifications AA-M-44 


tions are housings for electronics 
equipment, truck cabs, shipping 
containers, plus such military uses 
as maintenance and personnel 
shelters and housings for ground 
support equipment. 


PRECISION MAGNESIUM EXTRUSIONS CUT MACHINING COSTS 


Dow precision magnesium extru- 
sions provide exact-tolerance 
finished or semi-finished compo- 
nents and eliminate many costly 
multiple machining operations. 
Exacting tolerances are even pos- 
sible with sharp V’s, deep 
notches, thin slots, sharp serra- 
tions, as well as precision diam- 
eter tubing. And with precision 


extrusions, cost of materials is 
also frequently less because high- 
property alloys to withstand ex- 
tensive machining are not needed. 

Applications include bearing 
blocks, impact extrusion stock, 
parts for business machines, 
printing furniture, screw machine 
stock, shaft shear keys, spacers 
and airfoil configurations. 


Exact-tolerance extrusions cut machining costs. 
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NEW FINISHES BROADEN APPLICATIONS FOR MAGNESIUM 


Porcelain enamel, a practically 
foolproof way to avoid corrosion, 
can now be applied to magnesium, 
using a Dow-developed pretreat- 
ment to assure adhesion. Sug- 
gested applications—display 
signs, building panels, cooking 
ware, home appliances, engine 
parts. 

Dow 20 chrome pickle provides 
a uniform paint-base for casting 
alloys with high aluminum con- 
tent. 

Dow 21 ferric nitrate bright 
pickle, as a spray or dip, provides 
long-lasting protection under 
clear baking enamels or lacquer. 


DOW CASTS MAGNESIUM 
IN INTRICATE DESIGNS 


Casting incorporates tubeless passages. 


Cast-in tubeless passageways, 
thin sections, close tolerances and 
other intricate designs are all 
available in castings made in pro- 
duction quantities at Dow’s sand 
and permanent mold foundry. 


NEW ALLOY ELIMINATES 
STRESS RELIEF AFTER WELDING 


A newly developed Dow alloy for 
magnesium sheet and plate, 
ZE10A, containing zinc and rare 
earth metal, does away with the 
need for stress relief after weld- 
ing... particularly advantageous 
in building large structures. Sug- 
gested applications — large ship- 
ping and storage containers, even 
tank-trailer bodies. So that de- 
signers can take full advantage of 
this new sheet and plate material, 
Dow also provides magnesium 
extrusions in alloys requiring no 
post-welding stress relief. 


Clear anodic coating, applied 
in less than a minute, provides 
maximum protection under lac- 
quer or varnish, which may be 
tinted in a wide range of colors. 

Nickel plating, by immersion 
instead of electroplating, simpli- 
fies processing, improves nickel 
surface. For electronics equip- 
ment, printing plates and cylin- 
ders, other surfaces requiring 
extreme wear resistance. 

Vinyl may be laminated before 
cold-forming magnesium sheets 
also bonds to hot-formed shells. 
For luggage, carrying cases, 
other applications. 


Vinyl-laminate adds sales appeal to carry- 
ing cases, luggage. 


VAST PRODUCTION FACILITIES FOR MAGNESIUM AND ALUMINUM 


The Dow Metal Products Com- 
pany offers a new die casting 
plant, a sand and permanent mold 
foundry, a fabrication plant plus 
the huge Madison plant for sheet, 
plate and extrusions. At Madison, 
for example, is the giant 13,200- 
ton press that extrudes king-size 
sections of magnesium or alumi- 
num—up to 30 inches across and 
80 feet long. 


a ae 
ae ne 


pele he 


For more information about 
the new magnesium developments 
shown here, or for help in any 
design or fabrication problem in- 
volving magnesium or aluminum, 
contact the nearest Dow sales of- 
fice. Or write THE DOW METAL 
PRODUCTS COMPANY, Midland, 
Michigan, Merchandising Depart- 
ment 1053DZ7-11. 


King-size extrusions make possible freedom in design. 


<> THE DOW METAL PRODUCTS COMPANY 
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THE ENGINEERING WEEK 





CRYSTALS ARE REMOVED after 
vapor growth has taken place. Making 
complex structures of many thin-film 
layers permits construction of semi- 
conductor devices with more precisely 
controlled operating 
than 


characteristics 


before 


Semiconductor Growing Process 


Yorxtown Heicuts, NY—vVapor 
growth, a new process that arranges 
itoms of one material on another, has 
been developed by IBM. It is expected 
to produce functional circuit building- 
blocks in one continuous operation. 
Its broad significance, says IBM, 
lies in the possibilities offered to de- 
ice designers and manufacturers fot 
irrays Of electronic components that 
in be faster, more complex and mor« 
the 
growth process holds the promise of 
automatic control fo 
volume production of the more com- 
eliminates 
and de- 


mmpact. Specifically, vapor- 


precise and 
plex functional units—it 
manual assembly of arrays 
ices. 

Che process takes place through the 
intermediary of semiconductor iodide 
vapors. These pick up the semicon 
ductor (germanium or silicon) from a 
piece of the material at a high tem 
The 
cooler zone where the semiconductor 
grows from the vapor onto a suitable 
single-crystal seed. The process can be 
carried out in one of two ways 


perature. vapors mové into a 


e A continuous flow of gas carries the 
vapors in one end of a furnace and 
out the other. 

e A closed tube is used and the vapor 
recirculate, carrying the semiconducto 
from the hot end to the cooler end 


It is possible to incorporate selected 
impurities in the 
ductor at the cooler 
growth process. 


growing 


end 


semicon 
during the 

Semiconductors are now made from 
melt-grown material by cutting it up 
into minute pieces and introducing 


20 


EPITAXIAL GROWTH means the top 
layer of one semiconductor automati 
cally duplicates the same crystal struc 
ture as the one beneath it. This takes 
advantage of the properties of 
material. Above is typical growth on a 
silicon substrate 350 times 


each 


magnified 


Eliminates Manual Assembly 


the desired series of 


separate operations of 


impurities by 
alloying « o1 
diffusion, followed by hand assembly 
under a microscor¢ 
the 
to be grown in one operation, layer 
by layer, from the vapor. 
the key to 
growth. Growth from the melt, alloy 


Vapor growth permits 


Low 
perature is layer-by-layer 
ing or diffusion all are carried out at 
high temperatures and this disturbs 
the layers as new ones are formed. & 


device 


tem- 


Ceramic Core Converts 
Auto Exhaust 


lo.tepo—A converter that reduc 
consumed hydrocarbons in car exha 
to tiny particles of harmless as! 
been developed by Rollins Resea 
Industries here 

Che 
to the 


used cars or 


to be attache 
manifold of 
trucks. It’s based on 


made of a special typ 


device 1S made 
exhaust new < 


ceramic core, 
ft clay 
ilyst 
particles of crystallized ash. 
Quantity of 


1000 gal 


which contains its 


Che catalyst solidifies gases int 


small th: 
of gasoline produces on! 


ash is so 


a 


Own Cal 


; 


about a thinybleful. All poisonous o 


offensive gases and cther undesirab 


elements are said to be eliminated 


Ihe 24 lb ceramic core, designed t 


last the lifetime of a car, is suspend 
in a metal housing 


In one test, th 


converter was attached to a car engin 


which ran continuously for four hor 
without harmful results to person 
the same closed room 

A large national corporation supp 
ing the automobile industry and mot 
services is negotiating for prin 
rights to assemble 
them both 


manufacturers and retail outlet 


converters, supplying 


Lost-wax Casting from Ceramic Shelling 


Complex castings weighing up to 100 lb or 4 

a ceramic shell process developed by Arwood (Ci 
an adaptation of the lost-wax investment proces 
good surface finish, finer grain size, and can han«ie 
ilar to the dip-sprinkle steps in Glascast (PE 


, Conn. 
rives more consistently 
sre complex shapes. 
14 57, 


Sim 
Oct 


and distribute th 


; 


are now possible with 
The technique, 


y 


p 68) the process 


builds up a ceramic shell on a wax pattern. After the wax is melted out, the 
ceramic shell can then be used as a mold for molten metal with no backup or 
support. Difference here is the exclusive formulation of the slurry dips and 


the mold material. 
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Objective: Constant Acceleration to Test Space Components 


Austrian Research Pays Off 
upplied re 
Austrian imstitut 


iderable success de 


the Federal 


onstructi 


nstitutes are a 
OT’ labs 
itt organizations 


deral agencies, | 
ial or municipal gover 
+ 
polytechnic school la 
it other schools 
orders contribute 
financial well-being of t 
nstitutes, the report find 
jet-G , ctron-Microscop\ Institut 
This preliminary design of Aerojet-General’s rocket sled, when mated with *. f 
l ] j T 7 ) , c or y iT Ty 
company’s newly developed controllable-thrust liquid engine, promises to be [ for exam] j ( 
me of the most advanced missile research testing vehicles designed to dats irge US enterprises such a DuPont 
Sled will accelerate a 3000-lb payload to Mach 2 or faster or decelerate at 


the Research Institute for ¢ 
negative rate to 20 g’s. Four longitudinal members serve dual 


rates as pressuriz hictic 7} lsc f Graz. obtair 
ig gas tanks and part of the main structure. High-strength steel bands elas “ R&D ere 
tically suspend the propellent tanks between the four longitudinal gas-pressure — . : — 
tanks. Controllable-liquid engine gives varying thrust range of 50,000 to from ypan and other « ntric 
150,000 lb. Starting weight is about 9 tons including the payload which can be 
pushed ahead in a separate sled or carried within a nose section joined to 


ort, 1 1iding the economy 
the sled 


? 
ng scant pubh 
: 
The research cent 


1 mil Gebr 
$192.30 


Material Forms Its Own Protective Coating 





H-SOVIET COOPERATE 


composite ceramic graphite body, developed at Boeing Aerospace Div it 
attle is capable of spontaneously forming its own protective coating against 
heat and oxidation—two of the primary enemies of hy 


Se 
personic flight. The max 
num tension and compression capability of the material is t double that 
tandard graphite at roo emperature. When sudd 

tures above 2200 F, the etin r for 


mime 
s under test in 2600-} XVe vlene blast. A typica 
50% graphite, 24% molybdenu i cide and 25 t 


ae itaniu 
ingredients to promote 


er appears in one com 
adherent, nonporous, yellow vn film about a thousar 
As temperature and e: to oxidation increases, th 


becomes re resistant 
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Thousands of Honeywell 
T654A Indicating Tempera- 
ture Controllers have already 
proved their superiority in 
industrial plants throughout 
the country. 


See us in Sweet's 1960 
Product Design File 
Section 5b-Min 








a low-cost indicating’ 
temperature controller 





The new Honeywell T654A is a dependable, low-cost indicating temperature 
controller for use in rugged industrial applications. It indicates and controls 
temperatures in various ranges On an evenly graduated scale accurate within 
1° of scale range. 

A liquid-filled thermal system, with an armored copper tube up to 20 feet 
long, actuates a MICRO SWITCH * snap switch. This switch can control an 
ACTIONATOR* motor, servo motor, relay, contactor or other device. 
Completely compensated for ambient temperature changes. 

The indicated temperature and set point are both clearly visible through a 
magnifying window. The set point is changed simply by turning a knob on 
the front of the case. 

The unit can be surface-mounted or flush-mounted. And various types of 
wells are available for numerous applications requiring bulb protection. 

For complete information, call your local Honeywell office. Or write 
Minneapolis-Honeywell, Dept. PE-7-39, Minneapolis 8, Minnesota. In 
Canada, Honeywell Controls Limited, Toronto 17, Ontario. °Trademar| 


22 


Honeywell 


weorrem | SIN t 
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How a nut 


can make 


(or break) 
your reputation 


...and even bring in re-orders 


A nut comes loose. A wheel comes off. And down 
comes Billy! No great loss, except perhaps to his 
dignity. But when a lost nut knocks out a rock drill, 
or a tractor, or a piece of the heavy equipment that 
you make—then what? 

Down goes the machine! Down goes production— 
for no telling how long! And down goes your reputa- 
tion as a maker of quality equipment! You can blame 
it on the nut, but your customer blames you! 

This kind of embarrassing and costly “Reliability” 
failure simply cannot occur when you specify Elastic 
Stop® nuts for critical bolted connections. For no 
matter how rugged or repeated the shock or impact, 
no matter how bone-shaking or constant the vibra- 


tion .. . Elastic Stop nuts simply will not work loose! 

Elastic Stop nuts with their exclusive, vibration 
damping nylon locking inserts are nothing new 
They have been widely used for over 20 years by 
an increasingly large number of quality-conscious 
manufacturers who have learned that Elastic Stop 
nuts give built-in insurance against product failure 

the kind of reliability that shows up in customer 
maintenance records and adds up to reorders. Let 
us send you information showing how manufacturers 
have protected the reputation of their products with 
Elastic Stop nuts. Ask for Bulletin 5901. Dept. $47- 
745, Elastic Stop Nut Corporation of America, 2330 
Vauxhall Road, Union, New Jersey. 


for the ring Q eiavitt 
ELASTIC STOP NUT CORPORATION OF AMERICA 
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When the Industrial Designer encounters 


an engineering problem .. . 


BROOKS STEVENS ASSOCIATES, Milwaukee 


@Chances are that the industrial designer recognizes 
the technical nature of a design problem about as quickly 
is the engineer with whom he is working. This is be- 
cause of the attributes we must have to succeed in our 
held; also because our training and experience tend 
to develop as good a mechanical sense and intuitive grasp 
‘f many types of technical matters as most engineers 
possess. We also recognize our limitations: We cannot 
hope to solve advanced problems in mechanics, hydraulics 
und such. We do not think we should even be asked to 
tackle such problems; these are up to the engineers with 
whom we are working—or if they cannot help—to outside 
engineering help. Capable industrial designers feel free 
to consult engineers whenever necessary, and do not con- 
sider it a sign of weakness when they must do so. 

But it is also true that our approach to design prob- 
lems is often different from that taken by most engineers. 
Perhaps to avoid getting bogged down by engineering 
don'ts,” we first try to think of alternative materials and 
omponents and ways of making things—or even different 

mcepts of how a product can perform its function. 

We know from experience that the industrial designer 
who honestly tries to understand and cope with engineer- 
ing problems as such—despite his lack of formal training 
in engineering—is the one who wins the engineer’s respect 
ind cooperation fastest. The fact that the designer and 
the engineer must also have in common a sound grasp 
f the limitations and possibilities of materials and produc- 
tion processes and equipment will also help establish 
mutual respect and a more productive relationship 

lhe engineer gains respect for our potential contribution 
vhen he realizes that we are more than simply “stylists” 
and that there is room and need for both of us in th 
1ame “‘designer’’ and the function it represents 

But other obstacles remain, in even the best engineer- 
industrial designer teams. We designers are much more 
influenced by what the consumer is going to use the 
yroduct for and how it will be applied. The engineer's 
proper preoccupation with the problems of making a 
product work as well and as efhciently as the limitations 
nposed by management will allow, tends to becloud 

him the basic purpose of the product. It is generally 

» who are most aware how much visual appeal and ease 
of operation counts in the consumer’s decision to buy one 
brand rather than another 


Sometimes this means the ngince!r understand 





This article resulted from a group inter 
view by o PRODUCT ENGINEERING editor 
with industrial designers Brooks Stevens, 
James Floria, John Hughes, Gordon Kelly, 
David Nutting. The interview began with 
the question, “What happens when the 
industrial designer encounters engineering 
problems requiring technical data and 
background (or training) for their solution? 
What is the industrial designer's reaction 
and procedure—particularly, on the spot?” 











our desire to see more automatic operation, even though 
we also emphasize simplicity and better organization and 
placement of controls. It also explains why such things 
as the avoidable use of screws and other visible fastenings 
on exterior housings are always objectionabu: to us and 
seldom to the engineers 

You might say that although industrial designers and 
engineers share the mechanical aptitude and the know 
ledge of materials and methods required to see the answers 
we seldom achieve them easily. Apparently, we lack parallel 
lines of thought and approach—at least, when we first start 
working together. 

The engineer who has had a few successful experience 
with us comes to realize, as we do, that the product on 
which we work together will be a better one than cither of 
us would create alone. We generally can see developing 
in such engineers an increasing appreciation of such factors 
of product appeal as color, finish and general appearance 

Does this growth of the capacity to work with indus 
trial designers mean more and more sharing of the same 
areas of responsibility of product development by engi 
neers? No! Applying the mathematics of mechanics and 
hydraulic flow must remain the province of the engineer, 
as well as such technical detail work as specifying proper 
threads and gear ratios. On the other hand, the engineer: 
should not be asked to investigate and evaluate such factors 
as the influence of human physical limitations on product 
design. Readability, color and the esthetic relation of 
shape to function are also the tasks primarily of the indus 
trial designer. To put it another way, the industrial d 
signer is likely to contribute more during the period of 
“bench engineering” than when the technical or theoretica 
problems are being resolved 

The industrial designer could probably carry out th 
and his other functions even more effectively than he ¢ 
now—and at an earlier point in his career—if he 
better equipped by the industrial design schools to break 
down and evaluate the problems of product design. Som 
of the schools have recognized this need—in relation t 
materials for example. Courses are now being given to 
some industrial design students that stress the underlying 
physical, chemical and mechanical phenomena relating on 
material to another and differentiating among others 

We have noted signs of change in engineering educa 
tion also. In fact, some of us here at Brooks Stevens Asso 
iates have been lecturing at the Milwaukee School of 
Engineering for the past two years. 

We hope these indications of change will spread, becaus: 
the newly graduated engineers of today are still lacking in 


flexibility—and even in curiosity about alternative method 


of solving product design problems. They tend to take 


recourse far too quickly in established data sources and 
authorities, rather than attempting to think things through 
first for themselves 

The older engineer who has been out of school long 
enough to have acquired an assortment of experience does 
tend to look for answers first in his own experience and 
resources. This is particularly true where the manufacturer 
employing him has a record of successful products 2 
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! TRENDS IN APPEARANCE DESIGN 








MOBILE HARDNESS TESTER is for use on materials and 
components so heavy or bulky that they must be tested 
where they are. Cast aluminum C-clamp holds instrument 
in place while indenter head checks hardness in one of 
two different load ranges, using interchangeable spring 
units. Angled C-shape of clamp, gives this device its dis 
tinctive look. Introduced by Wilson Mechanical Instrument 
Div, American Chain & Cable Co, In 


THIS GAGE MEASURES and controls vacuum sys 
tems continuously over a range of 0.001 to 20 microns 
of mercury. Designed by Stowe Myers, industrial de 
signer of Evanston, Ill, for Central Scientific Co 
instrument incorporates such standard components 
is dial gage, switch, knob, jacks and handle within 
a simple, easy-to-form sheetmetal shell. Considering 
that whoever buys this sort of equipment is more 
than likely to know what it is for and would only 
refer to maker’s name infrequently, labeling could 


have been less prominent 


TO ACHIEVE MINIMUM HEIGHT and a low center 
of gravity, cast aluminum frame doubles as front 
housing in this ride-on mower and rider is positioned 
forward of motor, rather than astride it. Steering 
handle tilts forward to ease mounting and for walk- 
along guidance under low branches. Shroud ove 


engine and rear wheel assembly is a one-piece fiber- 
glass reinforced molding. Minimum ground clear- 
ance, ideal in a mower, may prove a problem when 
this machine is used as a tractor to haul various at- 
tachments available for use with it. Made by Porter 
Cable Machine Co. Instrument design consultant 
Arthur J. Pulos, Syracuse, NY 
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MASTER GEARMOTORS 


save material, space and money 


Reducer and motor 
in an integrated 
power package 


Particularly suited to low speed applications, this 
Master Gearmotor gives you a highly efficient, self- 
contained unit that saves you money in a lot of ways: 
1. Reduces mounting plate size. 
2. No V-belts, chains or sprockets required. 
3. Takes up less space. 
No separate components—just one compact 


unit. 


No high speed coupling, or gear and motor 
alignment. 


Master Gearmotors are available not only in 


Product of the combined 
resources of 
Reliance Electric and 
Engineering Company and its 
Master and Reeves Divisions 


open, enclosed and explosion-proof types, but can 
be supplied with an electrically operated Master 
Unibrake Motor—ideal where quick stopping or 
positive holding is necessary. 

Ratings are from % to 125 hp.; reduction ratios 
up to 120:1. You get a maximum choice of mount- 
ings: vertical, horizontal or flange; fluid couplings 
are available for hard-to-start or cycling loads. 

Your Reliance Sales Engineer can givé you all the 
facts about the broad line of Master Gearmotors: 
parallel, and right angle, as well as in combination. 
Call the nearest Reliance office for application help, 
or write for price and rating information. 8-188 





RELIANCE tncincenine co. 
DEPT.307A, CLEVELAND 17, OHIO 


Canadian Division: Toronto, Ontario 
Sales Offices and Distributors in Principal Cities 


Duty Master A-c. Motors, Master Gearmotors, Reeves Drives, V*S Drives, Super ‘T’ D-c. Motors, Generators, Controls and Engineered Drive Systems. 
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another mark of reliability 


AMPOWER 


No matter what trademark you choose from the AMP catalog, you pick a 
mark that stands for reliability. AMPOWER, the latest in the family of 
AMP trademarks, embraces top quality terminals for the larger wire size 
range . . . conforming to NEMA specifications. 

To get the finest electrical/electronic circuit termination products, to get the 
finest application tooling and the surest, most economical route to enduring 
reliability, always specify one of the trademarks of AMP INCORPORATED. 


AMP INCORPORATED 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


AMP products and engineering assistance are available through subsidiary companies in: Australia « Canada + England + France + Holland « Italy + Japan + West Germany 
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@ Specs Nos. 1, 2 and 
3 were routine. 


e Specs Nos. 4 and 
5 were “unusual”. 


What you are looking at are specimen holders for an electronic microscope. They’re 
so small that it takes about 40 to cover a dime. Specifications as to kind of metal, 
diameter of wire and mesh might be considered routine. It's what we did with the 
cloth before punching and how we treated the punchings that are important. Spec 
No. 4 especially tested our manufacturing skills. No. 5 called for special cleaning. 


We started with Newark Stainless Steel 200 x 200 Mesh Cloth woven with 0.0021 
inch diameter wire. Cloth thickness was 0.0042 inches. Then we rolled or calendered 
the cloth very carefully to 0.0025 inch thickness. After clean-cut punching, we 
cleaned and passivated the pieces in dilute nitric acid, imparting to them an almost 
surgical cleanliness...a cleanliness which was retained through the packing. The 
discs had to be kept free of foreign matter. 


As pointed out above, the cloth itself is not uncommon but the rolling and treatment 
were somewhat unusual. The skill in handling and quality of work typified by this 
job suggests the skill and quality of work available to you for any ‘‘wire cloth” insert 
project you have in mind. Incidentally, much of our work is in preparing ‘‘punchings”’ 
in all diameters in single pieces, in segments, or in sectors. 


Hire Gloth 


COMPANY 


351 Verona Avenue * Newark 4, New Jersey 
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Fold For Quick Reference 
Editor 
a method of marking maga 
that may be of interest t 
I hese photos llustrate how 
¢ folded to produce a finger t 
vottom of a magazin 
Poms N. We. 
Machine Designer 
Comparator D 
Jones & Lamson Machine ( 


Rolling Surfaces—Addendum 


lo the Editor 

In the Reader to Editor section r I 
June 13 issue, C. F. Walton comments 
n my article, “Wear Life of Rolling Sut 
face May 9, p 46 The points h 
nakes are well taken and fairly stated 
In Chapter Five, Art XII, of the 1 
Gray Iron Castings Handbook, I note that 
even though rolling wear is mentioned 
as a differentiated type of wear—very little 
discussion contained on the subject. 
Incidentally I have found the handbook 
to be a thorough and well-balanced source 
book on the subject of cast iron From 
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all | in discover on th ect of rolling 
wear the basic mechanism of failure is 
still little understood. This lack of under 
standing has prompted the ASME, “to 
il] upon American industry to support a 
ba research study aimed at discovering 
why machine parts break down’’—with 
special emphasis upon contact ftatiguc 
rolling elements I think that for th 
designer of machines (where motion con 
tact between elements is almost inevitabl 
ind perhaps the essentially distinguishing 
feature of a machine, from a structural 
viewpoint) basic understanding of contact 
gue is necessary and will be achieved 
In the meantime, the designer is faced 
vith the problem of designing machin 
that must transmit motion by rolling and 
sliding contact. He can do this in one of at 
least two ways. He can resort to past ex 
perience and use “trade design factors” that 
ave been accumulated by each industry 
dealing in the separate machine members 
uch as ballbearings, gear tc.) or he can 
ipproach the problem by combining un 
lerstanding of underlying elements com- 
mon to all machine members—such as 
geometrical relations, and phenomenologi 
il properties of materials. The work of 
Earle Buckingham and G. J. Talbourdet 
pioneered the latter approach with 
pect to wear resulting from rolling con 
tact My article serves simply to draw 
ittention to the approa¢ h and to empha 
ize the breadth of application—by citing 
veral examples. I think that the depth 
of perception of the problem on the part 
of Buckingham and Talbourdet is to be 
1dmired—for by their ap; to separat 
ing the phenomenological behavior of the 
material from the geometry —t eliminat 
with their simple and n t the prob 
lems of basic failur , h are 
till not understood 
I think everyone ks with 
Ipprov al and with a ¢ t t mterest 
towards all efforts that are n to acquir 
ing a better understandins he mech 
misms of materials failur« 
Donatp ] Myatt 
Associate Professor of Engineering 
Antioch College 


COMING EVENTS 
AUGUST 


ie Institute of Radio Engin 
tth Global Communication Sympo 
Statler-Hilton Hotel, Washington, DC 


28-Sept 1 : . American Society of Me 
hanical Engineers, International Heat 
l'ransfer Conference, University of Colo 


rado Boulde T Cok 


SEPTEMBER 
oe National Machine I 


Builders Association, Production Engi 
neering Show, International Amphitheater 
ago 


ae American Society of Mechan 
ical Engineers jointly with AIChE, AIEE 
IRE, and ISA; Joimt Automatic Contro] 
Conference, Massachusetts Institute of 
Technology, Cambridge, Mass 
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NEEDED: EFFECTIVE 
VIBRATION ISOLATION 
AT TEMPERATURE 
EXTREMES 


Vibration-sensitive equipment in high performance mis- 
siles and aircraft often poses a two-pronged problem to 
design engineers: effective isolation against destructive 
shock and vibration—at temperature extremes. 


ANSWER: MBS. NEW 
BROAD *TEMPERATURE 
METAL 

ISO-DAMP MOUNT 


MB’s new broad temperature Iso-Damp mount consists 
of two load carrying springs, mounted in opposed position, 
with built-in damper assembly to restrict resonant build- 
up. It requires no external cooling, can be used at temper- 
atures from —100°F. to +500°F. 


WHAT'S YOUR 
MOUNT PROBLEM? 


These new mounts can be adapted easily to the isolation 
of other special equipment as well. Or, perhaps one of 
MB’s many other mount designs may be the answer to 
your particular vibration control problem. MB has not 
only the mounts, but also the experience and personnel 
to find the right answer for you. Write us for complete 
information—ask for Bulletin 418-4. 


MB ELECTRONICS 


A DIVISION OF TEXTRON ELECTRONICS, INC. 
1076 State Street, New Haven 11, Conn. 
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How Aluminum Improves Electrical 








The Allis Chalmers Aluminum-Clad Substation 
stays new-looking outdoors, resists corrosion from 
salt air and contaminated atmospheres. Made of 
interlocking extruded sections, this unit is strong and 
rigid, requiring little or no maintenance. 





REYNOLDS ALUMINUM 


Watch Reynolds TV Shows: “Bourbon Street Beat” and “Adventures in Paradise”; 
and, resuming in October, “All-Star Golf’ —ABC-TV 
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Equipment and Reduces 


e low cost 
e weather resistance 
ehigh conductivity 

e workability 


Aluminum is finding greater and greater acceptance 
as a material for electrical equipment in both struc- 
tural and conductor uses. It is performing these jobs 
more efficiently, and in many cases, at a much lower 
total cost than the materials it replaces. 


PROTECTS ELECTRICAL EQUIPMENT 
AND CONDUCTORS 


Aluminum equipment panels and structural members 
resist weathering and corrosion; they never rust; they 
need no painting or protective coatings. As a result, 
equipment made with Reynolds Aluminum requires 
less maintenance and protection. 

And panels can be fabricated quickly and economi- 
cally because aluminum is easy to machine and form. 
Easy to cut, easy to extrude, easy to bend and shape, 
aluminum holds production costs to a minimum. 


DESIGN FLEXIBILITY 
WITH ALUMINUM CONDUCTORS 


Aluminum strip conductor, a comparatively new 
development, was pioneered by Reynolds several 
years ago. Anodized strip is often used in trans- 
formers, magnetic clutches and brakes. The anodized 
film provides the insulation for a completely self- 
contained and compact circuit. Interleaved foil con- 
ductor can replace wire coils, providing equal 
conductivity at lower cost, higher dielectric strength, 
fewer “hot spots,” and simplified manufacturing. 
The customer can select his own interleaving mate- 
rial. Reynolds Aluminum strip conductor can simplify 
product and circuit design, save space and weight. 


ALUMINUM BUS CONDUCTOR 


Reynolds Aluminum bus bar, available bare or silver 
plated, offers an important price advantage over 
comparable conductors. Aluminum bus bars are 
available in a wide range of shapes and sizes to meet 
virtually any design requirement. Silver plated bus 
bar simplifies soldering, and permits higher operating 
temperatures with bolted joints. 

These are just a few examples of how Reynolds 
Aluminum is used to improve electrical equipment, 
and to reduce costs. 

For technical data and details on the. properties 
of aluminum, call your local Reynolds office, or 
write Reynolds Metals Company, P.O. Box 2346-HN, 
Richmond 18, Virginia. 
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Sparton Automotive eliminated eleven parts in auto- 
mobile horn coils by using Reynolds Aluminum strip 
conductor. Higher dielectric strength was possible 
because of the interleaving material that could be 
used. Turn-to-turn voltage breakdown was reduced. 
The magnetic lines of flux were more uniform. Heat 
dissipation was improved, hot spots were eliminated. 


S &C Metaiciad Switchgear uses Reynolds Aluminum 
Silver Plated Bus Bar. Space requirements were met 
with silver plated bus bar, and production was greatly 
simplified. Easily sawed, punched and formed without 
peeling or chipping, silver plated bus bar is lower in 
cost and much lighter in weight than equivalent 
copper bar. It requires no prior preparation, and meets 
all electrical code standards. 
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c. 8. KAUPP & SONS 


PRECISION-FORMED 
METAL 


COMPONENTS 











Hydroforming, Deep Drawing 
and Spinning 


You can depend on KAUPP for com- 
plete service from design to delivery 
on precision-made metal parts and 
sub-assemblies Ultra modern metal 
working facilities, plus wide experi- 
ence on military and commercial re- 
quirements are available to solve 
your problems. Send drawings for 
quotations or phone for new iliustra- 
ted bulletins! 








Closest tolerances adhered to in all 
metals, including MU METAL, BRASS, 
INCONEL, ALUMINUM, COPPER, 
CARBON STEEL, STAINLESS STEEL, 
NICKEL, MAGNESIUM, TITANIUM, 
SILVER, SPECIAL ALLOYS, HAYNES 
STELLITE. 


Metal Craftsmen since 1924 


1 Stair-climbing wheelchair. A national 
contest, sponsored jointly by the President's 
Committee on the Employment of the 
Physically Handicapped and the National 
Inventors Council, offers a prize of $5000 
to the inventor who develops a wheelchair 
that allows handicapped persons to get 


he 


of the development is to promot employ 


round industrial plants unaided im 
ment of persons who, although capable of 
many industrial jobs, are 
because they cannot 
from their place of work without help from 
in attendant 
[he wheelchair should be made so that the occupant can negotiate stait 
that have average-height risers and variable tread depth. It should also be abl 
to turn on any stair landing large enough for the chair to maneuver. It 
preferred that stair-climbing be achieved under the occupant’s own power 
| although it may be necessary that an attendant steady the chair while it 
| tilted for climbing. In such a case, it must be balanced so that no more than 
15 or 25 tbs is transferred to the attendant. In descent, it can be 
back down if it is not feasible to descend with occupant facing down stairs 
Speed of ascent and descent is not critical but should be a reasonable rate 
Contest rules specify that the chair be “self-propelled” (which we interpret 
to mean “powered by the occupant”—electric motors and self-contained bat 
teries would probably be too bulky and too expensive). Effective arm-strength 
of occupants is estimated at a minimum of 10 Ibs. The chair must also meet 
the following requirements: weight, no more than 50 to 75 Ibs; sturdy enough 
| for a 200-Ib occupant; collapsible so that it can be folded and stowed in an 
| automobile by the user; cost no more than $500 (current models of self-pro 
pelled tubular-frame folding wheelchairs cost approximately $150) 

Proposed designs for the wheelchair should be sent to National Inventor: 
| Council, US Department of Commerce, Washington 25, DC. The council 
will screen all ideas and present the best to three judges who will choose the 
| one they feel to be most practical and workable. Submission of an idea does 
not transfer title to the government but it does imply that the contest winner 
will not use his proprietary rights to impede commercial introduction of th 

)} device. If no single device satisfies the 


doing presenth 


limited get to and 


made to 


| requirements, the judges reserve the right 


to grant lesser prizes to several inventors 
and combine these ideas in one design 
The $5000 prize has been donated by 

private citizen. The sketch at right shows 


| a recently developed hand truck that 
| climbs stairs on a pair of wide rubber 
tracks. The tracks are driven by an elec- 


tric motor powered from a convenient 
electric outlet. Although this design is 
| not an appropriate solution to the wheel 
| chair problem, some of the principles 
| might well apply. 


Have you a problem, based on known scientific principles, which seems to have an answer 


_,NEWARK WAY, MAPLEWOOD, N. J. 


@ Telephone: SOvth Orange 3-2490 


32 


somewhere within the limits of present technology? To inspire inventors along worthwhile 
paths, PRODUCT ENGINEERING invites you to trade such problems with fellow readers who 
| have a fresh viewpoint or more time to experiment. We pay $10 for each one accepted. 
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one of Du Pont's versatile 
engineering materia/s 





Ring bearing 
illustrates 
why Delrin* 


is doing so many jobs once reserved for metals 


Ring bearings molded by Sinko Tool and Manufacturing Co., Chicago. 


The use of roller and wheel conveyors 
in manufacturing, wholesale and retail 
business has become commonplace to- 
day. But as universal as their use is, 
they have remained relatively noisy 
mechanisms. 

This objection prompted the Rapids- 
Standard Co., Inc., Grand Rapids, 
Mich., to seek a new material to re- 
place the steel balls in the bearings of 
their conveyors. Their choice was rings 
of “Delrin’’ acetal resin (roller con- 
veyor shown above). With “‘Delrin’’, 
the conveyors are now “virtually noise- 
less’. The bearings require no lubrica- 
tion in service, and they will not cor- 
rode in normal use. In addition, weight 


savings of 50-65% have been realized 

This ability of ‘“‘Delrin’’ to compete 
with steel, die-cast zinc and aluminum, 
cast and machined brass, and cast iron 
see reverse side for additional ex 
amples) stems from its unique combi- 
nation of physical properties and de 
sign-production economies. With 
**Delrin’’, manufacturers are discover- 
ing new ways to improve product per 
formance—often at lower cost. 

i 4 & 

We will welcome the opportunity to 
assist you in evaluating how ‘‘Delrin’’ 
can bring these advantages to your 
products. A coupon appears on the re- 
verse side for your convenience 





Del ri n one of Du Pont's versatile 
engineering materials 


These typical end-uses reveal 
performance and cost advantages 
of Delrin* 


The Lionel Corporation, Irvington, N. J., 
recently introduced a new HO train line 
featuring a one-piece coupler molded of 
“Delrin”. Because “Delrin” has the resili- 
ence to provide the desired springing action, 
Lionel designed the integral unit to replace 
a two-part assembly of coupler and coil 
spring. The result: a significant assembly 
saving plus a new sales feature. “Delrin” 
is also used for the axles, journals and two 
other truck parts. (Molded by Lionel and 
Gries Reproducer Corp., New Rochelle, 
New York.) 


£ 


The head frame (top) of the new “Lady Four parts (in white) of this self-seating 


Ronson” Superbe electric shaver is molded 
of “Delrin”, saving 80% of the weight of 
the previous gold-plated die-cast zinc part. 
Ronson Electric Shaver Corp., Stamford, 
Conn., specified “Delrin” because it could 
be molded to and hold the necessary di- 
mensions, have a smooth luster without 
finishing and resist body oils end colognes. 


‘Delrin’ acetal resin offers designers such properties as strength, stiffness, dimensional 
stability, resilience and abrasion resistance; and it retains these properties even under 
exposure to wide variations in temperature, humidity, solvents and stress. Already 
hundreds of designs taking advantage of these properties, and of the cost savings 
made possible by rapid injection molding, have been specified or put into commercial 
production. We suggest that you investigate how “‘Delrin’”’ can be profitably used in 
the products you make and the products you use. Commercial processors and our own 
staff of technologists are ready to assist you. 


E. I. du Pont de Nemours & Co. (Inc.) 
Department 134 Room 2507-D 
Nemours Building, Wilmington 98, Delaware 
I am interested in evaluating “Delrin” for the following use: 





Name 





Company 





Street 





City 





faucet are molded of “Delrin”, saving 80% 
of the cost of the machined brass compo- 
nents formerly used by the Kel-Win Manu- 
facturing Co., Inc., Richmond, Va. Kel- 
Win chose “Delrin” because it resists cor- 
rosion and mineral buildup, remains di- 
mensionally stable and eliminates machin- 
ing operations and rejects. (Molded by 
Dominion Plastics Co., Colonial Heights, 
Virginia.) 


POLYCHEMICALS DEPARTMENT 


; 
DELRIN® ceetal 


Alathon Zytel 





a) ae 


GEARMOTORS 
for 
“PLUG-IN” POWER 


Hollow- Shaft Speed Reducer-Motor forms 
complete power transmission package . . . 


TORQUE ARM 


With the compact, right-angle Cone-Drive MOUNTED 


gearmotor the machine designer can make use 
of an integral drive package of nearly any 
required speed and horsepower. Twenty-seven 
standard output speeds from 7.3 to 525 RPM 
(with 1750 RPM motor) are available in 
models from 4 to 40 horsepower. Gearmotors 
can be specified with hollow shaft for mount- 
ing in any position, ready to “plug-in”. You 
can use this integrated power package to 
provide a simple, clean installation on your 
machine . . . no pulleys, belts, sheaves, bed 
plates, couplings, etc. 





Electric motors are standard “D”’ flange 
type with slight shaft modification for driving 
helical primary reduction gears. Secondary 
reduction stage is a standard Cone-Drive 
double-enveloping worm gearset with maxi- 
mum tooth engagement for greater load carry- 
ing capacity in smaller space. 





Cone-Drive gearmotors are available for all 
AGMA service ratings. Call your Cone-Drive 
representative today or write for catalog #58 
for complete specifications. 


CONE-DRIVE GEARS 
DIVISION MICHIGAN TOOL COMPANY 
7171 E. McNichols Road Detroit 12, Michigan Telephone: TWinbrook 1-311! 


~ WORM GEARSETS GEAR SPEED REDUCERS 


ct ARM 
i} DOUBLE REDUCTION WORM (or DOUBLE-ENVELOPING MOUNTED 
7 .) GEAR SPEED REDUCERS CG rout ANGLE GEARMOTORS 
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Cut Machining Time and Costs... 
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casting being turned at 1.40 surface feet per minute with ) depth 


Use Malleable | 
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You'll Get Faster Machining.. 
Longer Tool Life with 


Whatever your machining goals—reduced cycle times, 
lower tool costs or better surface finishes, you will profit 
from remembering this fact: Malleable is the most ma- 
chinable of all ferrous metals of comparable properties. 


For example, compare the force required to drill Mal- 


leable with that required to drill other commonly used 
metals as we have done here 





THRUST FORCE CHART-— DRILLING 
FEED 004 cos) oo 020 


FERRITIC MALLEABLE Baar’ 
PEARLITIC MALLEABLE 

AW amg 
COLD ROLLED STEEL [I 2= 


THRUST FORCE POUNDS 6 ) 800 ooo 61200 «61400 «6600 «61800 








1112 STEEL 


11S STEEL 

















For this test we used }4 inch high speed steel twist drills 
with a suitable lubricant and a spindle speed of 715 
RPM. AISI 1112 steel (Bessemer screw stock) was in- 
cluded because it is often used as a standard for ma- 
chinability comparisons. Since machining may cost 2 to 
4 times as much as the rough parts, the superior ma- 
chinability of Malleable iron, as demonstrated here, 
can result in very large savings. 


Future Promises New 
With over two years’ experience in advanced machining 
research, forward-looking Malleable castings producers 
already know how Malleable will perform when oxide 
cutting tools come into wide use. In experiments like 
the one illustrated on the opposite page it has been 
demonstrated that Malleable can be successfully ma- 
chired at speeds as high as 1400 surface feet per minute 


Send for Free Machining Information 


-Better Finished Surfaces... 
Malleable Castings 
Chips Reveal the Secret of Malleable’s Machinability 


In addition to providing strength and ductility, Mal- 
leable’s internal structure of microscopic carbon nodules 
allows Malleable to break easily into small! chips as it 
is machined. This kind of Type I chip is highly desirable 
Speeds and feeds can be increased . . . power consump- 
tion drops . . . cutting tools last longer. Malleable’s uni- 
form structure permits safe machining at maximum 
speeds. 


Spherical carbon nodules (black 
help break up chips. Photomicro- 
graph 50X, etched. 


Schematic drawing illustrates how Malleable (left) breaks into short, discon- 
tinuous Type | chips, rother than long, continuous Type Il and Ill chips (right 


Triumphs for Malleable 


and a 0.100" depth of cut! Surface finish, tool life and 
metallurgical structure are excellent ...All this in a 
metal of rugged engineering properties. 


Prove for yourself how much Malleable’s machinability 
will do for your products ...and your profits. Get in 
touch with one of the Malleable castings producers 
listed below. Call today. 


A special folder, Data Unit 106, 


Machining Malleable Iron Castings, is available from the Malleable 
Castings Council, Union Commerce Building, Cleveland 14, Ohio, or from 


any member company. 





For Service In Your Area Contact... MASSACHUSETTS 
CONNECTICUT 

Connecticut Mall. Castings Co., New Haven ¢ 
Eastern Malleable tron Co., Naugatuck 

New Haven Malleable tron Co., New Haven 4 


MICHIGAN 
Albion Malieable tron Co 
Auto Specialties Mfg. Co 


DELAWARE 

Eastern Malleable tron Wilmington 99 MINNESOTA 
ILLINOIS 

Central Fdry. Div.. Gen. Motors, Danville 
Chicago Malleabie Castings Co., Chicago 43 
Moline Malleable tron C t. Charles 
National Mali. and Steel Castings Co., Cicer 
Peoria Malieabie Castings ( Peoria | 
Wagner Castings Company, Decatur 


MISSISSIPPI 


NEW HAMPSHIRE 


NEW YORK 


For Quality and Economy...Use 


Belcher Malieable tron Co 
Cadillac Malleable Iron Co 
Central Fdry. Div., Gen. Motors, Saginaw 
Northern Malleable tron Co., St. Paul 6 
Mississippi Malleable tron Co 


Laconia Malieable Iron Co nia , sf 


MALLEABLE 


Easton 


Dayton Mail. iron Co.. Ohio Mall. Div. Columbus If 


Albion Maumee Malleable Castings Co. Toledo 5 
Saint Joseph 
Cadillac 


National Mall. and Stee! Castings Co., Cleveland £ 


PENNSYLVANIA 
Buck iron Company. | 
Erie Malleable tron Co. Erie 
Lancaster Malleable Castir 
enigh Foundnes Company 
Meadville Malleable tr 


Meridian Pennsylvania Malleable | 


TEXAS 
Texa undries. | 


WEST VIRGINIA 


INDIANA 
Albion Malleable tron Company 
uncie Division, Muncie 
Link-Belt Company, Indianapolis 6 
National Mall. & Steel Castings Co., Indianapol 


IOWA 
lowa Malleable tron Co., Fairfield 





Acme Steel & Mall. iron Works, Buffalo 7 
Frazer & Jones Company Division 

Eastern Malieable tron Cx 
Oriskany Malleabie tron Co., Inc., Oriskany 
Westmoreland Mall. Iron Co., Westmoreland 
OHIO 
American Malleable Castings Co., Marion 
Central Fdry. Div.. Gen. Motors, Defiance 
Dayton Mail. tron Co., Ironton Div., tronton 


West Virginia Mall. tr 


WISCONSIN 

Belle City Malieable tron ( Racine 

Chain Belt Company. Milwaukee | 

Federal Malleable Company inc., West Allis 14 
Kirsh Foundry Inc.. Beaver Dan 
akeside Malleable Castings ( Racine 
Milwaukee Malleable & Grey 


‘ 


n Works, Milwaukee 4 
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INLAND STEEL 


30 West Monroe St., Chicago 3, til 


| 
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Automation 
ral 


| CHRYSLER 


synchronizes assembly conveyors “>= 


Problem: Chrysler Corp., Dodge Division, new uni 
tized body assembly lines required linkage of three 
variable-speed, continuous motion conveyors —stub 
frame overhead, main assembly pedestal and final 
assembly flattop. At transfer point, shown above, pin 
in conveyor must match hole in frame with no 
cumulative error. 

Solution: U.S. Varnipyne a/c Drive System with 
LinkSync control. Chrysler engineers working with 


U.S. Motors field engineers chose VARIDYNE over a 
d.c. system because: initial start-up is simplified 
instantly synchronous without warm-up; needs no 
synchronizing readjustments; there is no cumulative 
error; and maximum reliability is assured by use of 
standard a.c. motors. VARIDYNE varies the frequency 
of a.c. current to these motors, converting them to 
adjustable speeds. Write today for Varnmyne Bro- 
chure F-1963. 


U.S. ELECTRICAL MOTORS INC. 


P. O. Box 2058, Los Angeles, California or Milford, Connecticut 
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SOLVING MATERIAL 
DESIGN PROBLEMS 
HEAT RESISTANCE 


A 5000° flame takes ten minutes to penetrate a one-quarter inch piece of CDF’s new Dilecto 
RD-105 laminate. The same thicknoss of cold-rolled steel is pierced in less than forty seconds. 


Molded from graphite fabric impregnated with a structural materials and electrical insulations 
heat (ablation)-resistant phenolic resin, new CDF Vulcanized fibre, silicone rubber and mica, and ther 
grades RD-105 and RD-115 are being evaluated in mosetting moldings are also supplied by CDF 

solid propellant rocket motors. CDF can provide both quality and true economy 


in selecting plastic materials best suited to your 
Dilecto laminates are only one family of products needs. Refer to SWEETS PD file or write to us for 


from industry’s largest selection of non-metallic General Folder 60. 


CONTINENTAL-DIAMOND FIBRE 


® A SUBSIDIARY OF THE Burch - COMPANY * NEWARK 40, DEL. 
In Canada, 46 Hollinger Road, Toronto 16, Ont 


rower 


oe 


Moisture-resistant and low cost Dilecto cams Dimensionally stable, light weight, oil-resist Easily fabricated paper-base, punching 
for automatic washer and dryer controls ant Dilecto ball bearing retainer rings zrade Dilecto precision switch insulators 
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Shown here is the 6” 


sna 


Dolphin Submersible Pump, 
one of a complete line of 
4” and 6” pumps mode by 
THE TAIT MANUFACTUR 
ING COMPANY, Deyton, 
Ohio. Arrow points to the 
upper body shell made of 
Revere seamless leaded 
bross tubing. Hond holds 
the diffuser casing mode 
of Revere Brass Strip and 


used inside pump, 


Revere helps ‘fit the metal to the job” 


AND A PUMP MANUFACTURER FABRICATES 
SUPERIOR PARTS WITH GREATER EASE...INCREASES TOOL LIFE 


ps made by Tait Manu 


rit 
ring 


sing you sec above Tl 


art had tormerly mac yf f metal. While satistactory ; 
asa pul Pi rt it Ws I tt wo and d \\ at tne same t 
tool lite was short 

One ot Revere's cl al sors asked to study the 5 
problem Reve at i ; ) a certain 1 was a 
recommendcd¢ am > Sul it and, atter extensive t { was 
approved. The customer hz f that not only does tl fuser 
casing, made of Rev ) vell in the pum but it 
also has superior dra Sst easily worked, and tool 
life has been Stan ly in i j 

This met us attention » tt ge the metal to the jol also 


resulted in Tait Manufacturing Company's specifying Revere seam 


less leaded brass tubing for the upper body shell of tts submersible 


pumps. Here the application called for extremely close straightness REVERE COPPER AND BRASS INCORPORATED 


and roundness control which meant special atcention to detail on the Founded by Paul Revere in 1801 
art of the Revere mill . : : . > 
| Se - : , ' TY ; : Executive Offices; 230 Park Avenue, New York 17, N. Y. 
Why not p 1e EXI ve knowledge of Revere’s T.A. Service to 
work tor y« ith cl wide variety of etals at your disposal per Mills: Rome, N. Y.; Baltimore, Md.; Chicago and ( linton, II1.; Detroit, 
haps Revere can help you select th best suited for the job, with Mich., tJ yn aa a ph my Fey Thy Ringy % renee 


a resultant saving of money while improving product quality Sales Offices in Principal Cities, Distributors Everywhere. 





INTERNATIONAL 
Chooses 
KLIXON 
Snap-Acting 

Thermostats... 


ENCLOSED 
OUTLET BOX 


EXPANSION AIR CHAMBER 


— 


—_ yp HEATED WATER CIRCULATES UP INTO THIS FINNED COPPER TUsE —— > —— 


—_ 


— > ELECTRIC HEATING ELEMENT 


KLIXON F.T.C. Type 204 Thermostat 
used as a temperature 
limit control. 


The International electric baseboard heater utilizes 
circulating liquid in a self-contained system. 

In developing these heaters, International Oil Burner 
Co., Electric Heat Division, 3800 Park Ave., St. Louis, 
Mo., chose KLIXON type 204 Thermostats to provide 
operating temperature limitation at the optimum level. 

International also uses KLIXON Snap-Acting Thermo- 
stats in many other well known types of heating equipment. 

There are good reasons why leading original equipment 
manufacturers choose KLIXON Thermostats 

First and foremost, KLIxoN Thermostats insure ac- 
curate temperature control according to “‘specs’’. Next, 


——~ )<—COOL WATER IS DRAWN BACK OVER ELECTRIC ELEMENT 


the dependable performance of KLIxon Thermostats 
means trouble-free service. Switch action is clean and 
unaffected by mounting position even when subjected to 
shock and vibration. Accurate fixed temperature setting 
calibrated at the factory prevent tampering by unauthor- 
ized persons. 

M &C Field Engineers will gladly help you make test 
applications of KLIxon Controls at your request. Send 
for technical data bulletins on KLIxon Commercial 
Thermostats and get acquainted with the low cost ap- 
plications possibilities on your products. No obligation, 
of course. 


~~ TEXAS INSTRUMENTS 


INCORPORATED 
METALS & CONTROLS DIVISION 


3807 NORTH MAIN ST. 


° VERSAILLES, KENTUCKY 


Spencer Products: Commercial! Controis Department 
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Cu 98 99% Pb 


D 


©0xidizeg Lea 


The American Brass Company 
Waterbury 20, Conn. 


Pl ase 


booklet which details properties 


send me a ct your d-] 


py ot 
ot your 


four free-cutting, high-conductivity 


pers, and suggested machining practice 
Name 

Company 

Street 


City 


ANAConn A 


d 
Copper.1 29 od 


1, 
00% Boia nomings 


4 ways to cut the cost of high-conductivity parts 


There are now four free-cutting, high-conductivity 


Anaconda coppers that broaden the combinations of 
mechanical, physical, and fabricating properties avail 
able for boosting produc tion and cutting costs of high 
conductivity parts. They are furnished chiefly in rod 
and bar, but are available also as extruded shapes and 
except for the leaded coppers, die pressed forgings of 


simple design. All have good cold-working properties 


Leaded Copper-126 and Deoxidized Leaded Copper- 
129 have slightly higher electrical conductivity—98% 
IACS annealed, 95% LACS, minimum. The difference 
between them is that Alloy 129, being deoxidized, is not 
subject to hydrogen embrittlement when annealed or 
furnace-brazed in reduc ing atmospheres Neither leaded 


alloy is recommended for hot working 
Tellurium Copper-127 and OFHC Sulfur Copper have 


LACS annealed, 
Both may be extensively hot worked 


an electrical conductivity rating of 95% 


90% minimum 
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and neither is subject to hydrogen embrittlement 
Tellurium Copper-127 has the advantage of retaining its 
mechanical properties at temperatures higher than thos¢ 
tolerated by the other free-cutting coppers ind hence 
is widely used in the welding and cutting-tip field 
The tree cutting coppers may be machined at cutting 
speeds approaching those used for machining Free 


For Tellurium Copper 127 


carbide-tipped tools are recommended as the inherent 


Cutting Brass however! 


copper telluride partic les Cause sore what greater 


tool weal 4 


FREE-CUTTING HIGH-CONDUCTIVITY 


COPPER PRODUCTS 
Made by The American Brass Company 
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: NO. 7 OF A SERIES 
' (# “How to Design Welded Aluminum Structures” 


New Design Specifications 


Mr. Harry N. Hill, 
Engineering Design 
Division Chief, 

Alcoa Research Laboratories, 
Aluminum Company of 
America, reports findings 
presented at the 1959 
annual meeting of the 
American Society of 

Civil Engineers. 


New recommended design rules for a number of the 
more important aluminum alloys being welded today 
have been prepared by Alcoa. These rules are based 
on the results of continuing investigations at the 
Alcoa Research Laboratories and have led to the 
new concepts of strength of welded aluminum that 
have been discussed in previous articles in this series. 

While complete design rules are not possible in this 
space, the table at right lists the recommended basic 
allowable stresses for some of the most important 
alloys and tempers. (Complete rules for welded 
structures of 5456-H321 were presented at the 1959 
annual ASCE meeting. Free copies available from 
Alcoa on request.) Values are for the types of struc- 
tures that would be designed in steel according to 
AREA, AASHO or similar specifications. Allowable 
stresses would be about 12 per cent higher when 
designing structures such as those done in steel 
according to AISC or similar specifications. Allow- 


for Welded 


able stresses can, of course, be adjusted to any 
desired safety factor. 

The recommended allowable stresses are based on 
minimum mechanical properties and conservative 
values of minimum expected weld strength, as dis- 
cussed in earlier articles in this series. Higher allow- 
able stresses may be justified where a given welding 
technique gives consistently higher weld strengths. 

A brief examination of the table reveals that the 
evaluation of the allowable stress expressions re- 
quires only the simplest arithmetic. Nomographs, 
such as Fig. 1 for alloy 6061-T6, make such evalua- 
tion even easier. 

Allowable stresses given in the table for compres- 
sion, and for shear in plates and webs, are for cases 
in which buckling is not involved. If strength is 
controlled by buckling, allowable design stresses are 
obtained from families of curves such as those shown 
in Fig. 2 for welded 6061-T6 columns and beams. 
Similar Alcoa charts give design stresses for buck- 
ling of plates and webs. 

The final article of this series will discuss the 
fatigue strength of welded joints in aluminum alloys. 

For top-quality aluminum welding products such 
as consumable electrodes, welding and brazing rods 
and fluxes, and solder and soldering fluxes, contact 
your nearest Alcoa sales office. For complete informa- 
tion on “Designing Welded Aluminum Structures,” 
write Aluminum Company of America, 1760-G Alcoa 
Building, Pittsburgh 19, Pa. 





WELDING MATERIALS 
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Developed by Alcoa 
Aluminum Alloy Structures 


Recommended Allowable Stresses for Welded Aluminum Structures 
Factor of Safety on Yielding—1.85 
Factor of Safety on Ultimate Strength=2.20 
Stresses are in kips per square inch 





SHEAR 


TENSION COMPRESSION 
’ (Plates and Webs) Fillet Welds 


Beams and Members (Beams and Members) N L 
, Weid ot ongi- Transverse 
Under Axial Load (Under Axia! Load ed Welded tudinal ymmetrical) 





. — , At a _— A 
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FIGURE 2 


eee 


ALLOWABLE COMPRESSIVE STRESSES CONTROLLED BY BUCKLING 
FOR WELDED COLUMNS AND BEAMS OF ALLOY 6061-TE 
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‘Twisting, 
turning 

application 
shows... 


how V-belts reinforced with DACRON 


POLYESTER FIBER 


permit greater design freedom 


Ask a V-belt to transmit power over four pulleys, with a 
quarter turn between each. Put it under heavy load, yet 
limit its width. Demand long service, but permit only 
minimum stretch, minimum fatigue. Then, depend on it 
to meet these requirements if it is reinforced with 
““Dacron’’* polyester fiber made by Du Pont— because 
it will. That’s exactly the kind of belt performance re- 
quired of—and met by—a leading V-belt manufacturer. 


When new designs place unusual burdens on V-belt 


with 
These belts cut drive costs, permit 


power transmission, turn to V-belts reinforced 
Du Pont “‘Dacron’’. 
greater design flexibility, fewer belts or more H.P. per 
belt. Rely on them also for longer life, greater strength 
and shock absorbency, excellent dimensional stability. 
Free BooxkteET; “Du Pont ‘Dacron’ Sets New Standards for 
V-belt Performance’’. Write E. I. du Pont de Nemours & 
Co. (Inc.), Textile Fibers Dept., 31E Centre Road Bldg., 
Wilmington 98, Delaware. 


DACRON 


POLYESTER FIBER 


FOR BETTER LIVING THR 


registere 


Enjoy “The Du Pont Show With June Allyson 
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Jemark for its polyester f 


— Monday Nights —CBS-TV 
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How steel tubing saves weight 


in helicopter...in budget, too 


Shown below is the main rotor 
shaft of a new model helicopter. 
Because it was hollowed out of 
solid steel bars to save weight, it 
was costiy to make. After machin- 
ing to thousandths of an inch 
accuracy, previously undetected 
steel flaws showed up. One out of 
every five parts had to be rejected. 

Timken Company Metallurgists 
were consulted. After careful study, 


they recommended a special analysis 
of Timken® seamless steel tubing. 
Savings began immediately. Because 
the hole was already there, no drill- 
ing was required. Steel was saved. 
And with the extra advantage of 
uniform forged quality in Timken 
seamless tubing, rejects of finished 
parts were practically nil, 

Let us help you cut your costs, 
get better quality finished products. 


Our engineers will recommend the 
most economical tube size for your 
hollow parts jobs, one guaranteed 
to clern up to your finish dimensions. 
When you buy Timken Stee! you get: 
1) Quality that’s uniform from heat 
to heat, bar to bar, order to order. 
2) Personal attention from the ex- 
perts im specialty steels. 3) Over 40 
years experience in solving tough steel 
problems. The Timken Roller 
Bearing Company, Steel and Tube 
Division, Canton 6, Ohio. Cable: 
“TIMROSCO”. Makers of Tapered 
Roller Bearings, Fine Alloy Steel and 
Removable Rock Bits. 


TIMKEN ALLOY STEEL AND SEAMLESS STEEL TUBING ARE AVAILABLE FROM STEEL SERVICE CENTERS IN 44 CITIES IN THE UNITED STATES 
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NEWS 
ABOUT 
PRODUCT DESIGN 
AND 
MATERIALS 


From the technical development laboratori« 


applications for those versatile materials 


that accent beauty, function, production economy 


stimulate ideas for your 


sat Dow comes a steady stream o 


fhe thermopiastics ... 


Processes The 


own desiens and 


Pnew 
nev applic anons 
that 


new applications 


products described on 


these pages contain just a few of the Dow the rmopliasucs that are serving today’s 


designers... 


FUNCTIONAL DOW PLASTICS 


EXTEND PRODUCT DESIGN LIMITS 


Within each broad category of 
Dow thermoplastics there are 
often several different formu- 
lations designed to pinpoint the 
functional requirements of de- 
signers and processors. Thus, 
you can select an individual 
Dow plastic material to extend 
the limits of your requirements 
for moldability, durability . . . 
lightness, inertness . . . beauty, 
clarity, or color... 


One Dow thermoplastic—Tyril 
adds an extra measure of beauty, mold- 
ability and physical strength to the de- 
: this built-in blender. 
Mixing, chopping, or liquefying in a 
matter of seconds, are just a few of its 
accomplishments 

To ensure its top performance under 
kitchen punishment, the 
lyril for mold- 
lyril—a Dow 
copolymer of styrene and acrylonitrile 


sign of modern 


all forms of 
designer specified clear 
ing the blending ja! 
gives this appliance part toughness and 
high shock resistance to withstand the 
churning action of the high-rpm knife 
blades . . . its chemical resistance helps 
the jar stand up under the attacks of 
food acids and cooking ingredients 

its temperature resistance protects 
against cracking or crazing over a wide 
from mixing boiling 
liquids to crushing ice . . . and excellent 
moldability enables Tyril to reproduce 
the jar’s complex shape and the finely 
cup and ounce measuring 
Washing presents no hazards, 
Detergents won't harm Tyril, nor 
will hot water, and it withstands normal 


temperature range 


detailed 
marks 


cither 


abuse 

One of the problems designers have 
had to face when insulating a product 
is compensating for the added bulk and 
weight ol loday, 


thermal insulation. 


48 


designers have solved this problem with 
Pelaspan® — Dow expandable polysty- 
rene in bead or pellet form. Foamed in 
place by the manufacturer, Pelaspan 
provides thermal insulation with negli- 
gible bulk or weight for this beverage 


cooler. (opposite page). 


Pelaspan beads can be pre-foamed, 
expanded many times. When a molding 
or structural cavity is filled with them, 
and the beads are further expanded by 
steam, they tightly close up the inter- 
stices and make a molding of uniform 
density. The closed-cell structure created 
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has low thermal conductivity, low watet 
absorption, low vapor transmission, and 
a high strength-to-weight ratio 

For the recreation market plastics help 
many products escape the limitations of 
older materials. A trio of Dow thermo 
plastics lend their specific talents to.a 
fishing tackle box, a fishing reel, and an 
underwater mask and swim fin outfit 

Built to last for a lifetime of fishing, 
the tackle box is molded of economical 
Styron® 480, a Dow super-high-impact 
plastic formulation with a green and 
white marbleized color effect. In addi 
tion to the inherent toughness to with- 
stand a fisherman’s hard knocks, Styron 
480 has high heat resistance to endure 
the blazing hot sun without softening o1 
warping. The excellent molding proper 
ties of Styron 480 — with emphasis on 
flow characteristics — allow the molder 
to produce a unique tongue and groove 
design along the edge This makes the 
box watertight when closed—even allows 
it to float! 

A colorful, economical solution to a 
design problem, this casting reel’s end 
caps and knobs are molded of tough 
Styron 475. Styron 475 is a high impact 
formulation of the Dow family of poly 
styrene materials. Its impact strength 
is three to five times greater, and its 
elongation nine times greater, than gen 
eral purpose polystyrene formulations 
It resists salt water deterioration, and 
has good chemical resistance. Its fine 
molding characteristics reproduce sharp 
details faithfully 

Molded of an easy-to-process resin, 
an underwater face mask and swim fins 
of Dow PVC will last far longer than 
conventional materials. PVC permits 
the mask to fit snugly and comfortably 
across the face of the swimmer, with a 
sealing lip around the edges to prevent 
water seepage. 

The PVC swim fins are lighter and 
stronger than conventional fins. What's 
more, the sun will not fade or rot PV¢ 
Dow PVC is available in several differ- 
ent formulations. This wide selection 
permits a range of PVC compounds to 
fit almost any process or end use 


PROBLEMS, ANYONE? If a design or processing problem is puzzling you, DOW CHEMICAL COMPANY 


chances are there's a formulation within the Dow Family of Thermoplastics Midland. Michigan 
that will solve it. If we can be of any assistance in helping you select the right 


formulation, or in production techniques, color styling, etc., please write us. 
THE DOW CHEMICAL ComPaANy, Midland, Michigan, Plastics Merchandising De- 
partment 1720DZ7-11. 
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Flexible shafts carry torque to spare... 


Whether your product requires delicacy or raw 
strength, there’s a flexible shaft available from 
S. S. White to transmit rotary power or control 

For example, the .043” dia. flexible shaft in 
the manicurist’s tool transmits approximately 
0.38 pound-inches at high speed and provides 
extreme flexibility of operation — suitable to 
M’Lady’s finger-tips. Or, consider the Viber 
Concrete vibrator which needs a .437” dia. shaft, 
capable of transmitting high torque at 10,000 
rpm under brutal field conditions. 

Keep flexible shafts in mind for applications 
other than power tools, too. They allow the 
designer important — sometimes vital — latitude 
in positioning both power source and driven 
part...freedom to snake power around ob- 


WRITE FOR COMPLETE DATA 


Standard S. S. White flexible shafts 
are available ‘‘off the shelf 

making many savings possibie 
Write for bulletin 5801. 


S. S. White also offers engineering service 


and comprehensive selection of flexible shaft 
a! requirements 


sizes and types to meet spec 
Write for bulletin 5601 
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stacles, freedom to obtain balance and struc- 
tural economy. 


Flexible shafts solve a lot of other problems 
too. They help you to eliminate parts . . . expen- 
sive, cumbersome gears, drives, universals. Make 
installation easier because they have no align- 
ment problems. Machine performs better too, 
because vibration, shock, overloads are absorbed 
by rugged flexible shafts 

Whatever your problems, look into S. § 
White’s three lines of flexible shafts: Standard 
... Pre-Engineered ...Custom-Designed. There's 
bound to be an answer for you 


S. S. White Industrial Division, Dept. 14 
10 East 40th Street, New York 16, N, Y. 
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WE TAKE THE PULSE OF BEARINGS ON TAPE 
TO MAKE THEM EVEN BETTER! 























TO TAPE-RECORD THE “HEARTBEAT” 
OF BEARING METALS UNDER LOAD, 
WE USE THIS SPECIAL FRICTION AND 
WEAR TESTER. (icft) The result is 


highly accurate data on the behavior of 

















bearing-metal surfaces, invaluable in our 
fundamental research into friction. By 
means of this instrument, we're able to 

















ONE REASON WHY F-M SLEEVE BEARINGS 
and other F-M products give you the finest 
possible performance — this and the other 
unusual precision equipment used by 
Federal-Mogul research. You'll find F-M 
sleeve bearings used in turbines, engines, 
and countless other types of power trans- 
mission equipment . . . F-M precision thrust 
washers in pumps, automotive engines and 
transmissions, motors .. . F-M formed bush- 
ings in refrigeration compressors, electric 
motors . . . and low-cost F-M 


spacers in motor mounts, ma- 
chinery, control mechanisms. Feet 
These are just a few examples. 
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correlate, more closely than ever before, 
specific alloy compositions with their 
degree of the “stick-slip” phenomenon 
(in which one surface sliding over an- 
other slides . . . stops . . . slides . . . stops 

. and so on) which accompanies un- 
lubricated sliding action. We can also 
determine accurately the compatibility 
of bearing materials with shaft metals in 
lubricated systems . . . sowing us which 
metal or alloy is most likely to be superior 
for a given bearing application. In short, 
this Friction Tester is a fundamental 
research tool which gives us positive 
answers to difficult bearing problems, 
faster than ever before 


There's much valuable data in our Design Guides on sleeve bearings, thrust washers, and bushings: 
and in our brochure on spacers. For your copies, write Federal-Mogul Division, Federal-Mogul-Bower 
Bearings, Inc., 11043 Shoemaker, Detroit 13, Michigan. 


sleeve bearings DIVISION OF 

bushings -spacers FEDERAL-MOGUL-BOWER 
h washer 

MAINE | BEARINGS, INC. 
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Bundy can mass-fabricate 
practically anything 


...and we use Bundywelde—the double-walled steel 
tubing—for parts that must meet rigid specifications 


YOUR tubing headaches are Bundy’s business. Our tubing engineers will 

work with you at any stage in the development of your product. With 

years of problem solving experience, we can often suggest short cuts that cut 
costs of tubing parts—or find practical solutions to tough bends. 

Then we'll mass-fabricate these parts on machines specially designed by 
Bundy for precision bending. We use Bundyweld, the original double-walled 
steel tubing, that has become the safety standard in small-diameter tubing. It’s 
thinner walled—yet stronger, has high bursting and fatigue strengths. Covered 
by Government Spec. MIL-T-3520, Type III. 

Why don’t you take advantage of Bundy’s complete service: expert engi- 
neering help, mass-fabrication savings, Bundyweld tubing. For more infor- 
mation see Sweet’s Product Design File, le/Bu . . . or contact us! 


Bundyweld is the only 
tubing double-walled 
from a single copper- 
plated steel strip, met- 
allurgically bonded 
through 360° of wall 
contact for amazing 
strength, versatility. 


There’s no substitute for the original Bundyweld Tubing. 


BUNDY. TUBING COMPANY 


Bundyweld is light 
weight, uniformly 
smooth, easily fabri 
cated. It's remarkably 
resistant to vibration 
fatigue; has unusually 
high burstiag strength. 
Sizes up to %” O.D. 


HOMETOWN, PA. © DETROIT 14, MICH. © WINCHESTER, KY. 
WORLD'S LARGEST PRODUCER OF SMALL-DIAMETER TUBING. AFFILIATED PLANTS IN AUSTRALIA, BRAZIL, ENGLAND, FRANCE, GERMANY, AND ITALY 
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To OEM’s who want to 
reduce the size of 
their control panels 


The small size of General Electric panel 


components offers OEM’s the opportunity 


to reduce the size of their panels up to 


40%. Consider these 


Example 1: Suppose you lay out a 
panel—including several size 1 or 2 


starters or contactors—and the de 
vices you choose fill up 900 square 
inches of space. To meet JIC stand- 
ards, you must then enlarge your 
panel to 1170 square inches (add- 
ing 30% of clear panel mounting 
General Electric 
starters and contactors in these sizes 
10 to 50% 


other major 


space). Because 


are from smaller than 


those of control sup- 
pliers, you can avoid enlarging your 
panel beyond 900 square inches by 
using G-E devices. And you can still 
meet the standards and save on the 
sheet metal and labor required for 
a larger panel. 

Example 2: If you build motor con- 
trol centers in 7-, 944-, and 14-inch 
modules, you can stack General 
Electric size 2 starters eight com- 
partments high. (This compares to 


five for most leading control man- 


two examples: 


ufacturers.) Thus you can save in 
steel work and up to 40% in the 


user’s floor space. 


Similar advantages of small size, 


minimum wiring time, mounting 
convenience, and fast delivery are 
available with not only starters and 
with General 


contactors but also 


Electric relays, pneumatic timers, 
and push buttons. You can get some 
of these advantages from other man- 
ufacturers of panel components, but 
Electric all 


measurable advantages — and 


these 
the 


General offers 


greatest over-all savings to you. 


For information, 
your General Electric 
Sales Office or request 
GEA-7020 (magnetic starters), 
GEA-7021 (relays), and GEA-5779 
(oil-tight push buttons) from Gen- 
eral Electric Company, Section 811- 
09, Schenectady 5, N. Y. 


more contact 
Apparatus 


bulletins 








You get MEASURABLE ADVANTAGES 
WITH GENERAL ELECTRIC CONTROL 








Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 
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SIZES 0 AND 1 STARTERS are 42°% 
than previous forms and about the same 
G-E 4- 
Straight-through 


smaller 


machine 
wiring 
means no looping of wiring around sides; 


height as and 6-pole 


tool relays 


only 2-inch side spacing required be- 


tween starters 


REDUCE YOUR 
PANEL SIZE 
BY OWE THIRD! 


SIZE 2 STARTERS are 


previous 


34% 


reduce 


smaller than 
forms; can 
Wiring 


relays 


your panel 
space by 1/3 coil, contacts, and 
accessible and 
front, 


need for extra space around the device 


are all 


the 


overload 


removable from eliminating 


COMPACT RELAYS 


installation and 


save space, simplify 


inspection. Less wiring 
room is needed because all terminals are 


Machine 


through 12-pole forms. 


in front tool relays are avail- 


able in 2- 


2-IN-1 ILLUMINATED PUSH BUTTON replaces 
standard oil-tight button and light. This 
means a saving in money and a measur- 
able 50% saving in space. 
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You get MORE THAN A MOTOR@With | 
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Versatility 


Personified 


That’s an apt description of General Electric’s Form G 
fhp motor if there ever was one. It’s the ability to 
modify, to adapt, to do things differently . . . to 

do them your way. Mount it upside-down, horizontally, 
vertically, direct, v-belt . . . whatever your 

product requires. You’ll find in every case that 


General Electric’s Form G motor “‘can do’’. 


THIS AMAZING VERSATILITY results from several dis- 
tinctive design features. They’re reviewed on the next page, 
along with several other reasons why you get MORE THAN 
A MOTOR when you select General Electric Form G motors. 
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These Form G motor versatility features 


mean greater 


1. MOUNTING VERSATILITY Both 
resilient and solid cradle bases permit 
rotation of General Electric Form G 
motors within base to meet your prod- 
uct design and space requirements. 


> ~ 


2. FAST ROTATION CHANGE No 
need to specially order motors to 
meet your rotation requirements 
two motor leads; or vice versa) in one-fifth the 
reverse shaft rotation in seconds time without confusion or error 


Just interchange 


design freedom for you 


3. FAST VOLTAGE CHANGE~ Sliding 
plates on termina! boards allow 
change from 115 to 230 v operation 


4. EASY, DIRECT MOUNTING — Mount 
Form Gs directly without expensive 
machining or brackets. Close end 
shield tolerances allow mounting 
of motor with simple through-bolts 


5. ALL-ANGLE OPERATION All 
angle sleeve bearing and positive oil 
retention system allow you to mount 
standard Form G motorsinany 
position. No need for costly specials 


6. COMPLETE LINE Over 850 basic 
models——and literally thousands of 
variations mean there’s a_ stand- 
ard Form G motor to meet your 
product’s exact requirements 


Only General Electric Form Gs give you MORE THAN A MOTOR 


1. VERSATILITY PERSONIFIED--a Form G motor can 
meet almost any design requirement. 


2. EXPERT APPLICATION AID G-E engineers are always 
available to help solve unusual motor applications 


3. ON-TIME DELIVERY—-multi-plant facilities assure you 
reliable, prompt delivery of the exact motors you need. 


4. YEARS-AHEAD DESIGN LEADERSHIP consistent leader 
ship by G.E. keeps Form G motor customers “‘out front”’ 


s. EASE OF ASSEMBLY——Form G motors provide assem- 
bly-line savings in time and money. 


6. FAST, LOCAL SERVICE a nationwide network of G-E 
Electric Motor Service Stations means service is 
always close at hand 


7. QUALITY CONTROL every Form G motor is thor- 
oughly tested at all stages of production to assure you 
long, dependable performance. 


Make sure you get MORE THAN A MOTOR when you select fhp drives 
for your product . . . choose General Electric Form G motors, available in 
NEMA 48 and 56 frames. For more information contact your nearby 
General Electric Apparatus Sales Office or write Section 702-110, 


General Electric Co., Schenectady 5, N. Y. 
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for strength, corrosion resistance and sales appeal 
...it had to be Stainless 


Cap 
Stem No. 5-Treated 
Piston No. 305 (type 416) 
Sleeve No. 440-FM (type 305) 
No. 5- Treated (type 440F) 
(type 416) 





= 


Handle Segment 
No. 5 
(type 416) 
> 
> 
In this new one-handle mixing faucet all the important working parts are made of wear-resistant, 
corrosion-proof Carpenter stainless steels. Once you select stainless steel by Carpenter, you can 
forget about corrosion. You can design for high stresses, disregard maintenance problems, stop 
worrying about temperature variations and be assured that fabrication will be easy. And you not 
only get the help of consumer-acceptance of stainless products, but also the long experience of 
Carpenter. From the lab work through final production, Carpenter staffmen have the knowledge 
and the data. Call your Carpenter representative for the engineering information on stainless that 


you need, The Carpenter Steel Company, Reading, Pa. 


arpenter steel 


The Carpenter Steel Company, Main Office and Mills, Reading, Pa 
Alloy Tube Division, Union, N. J 

Carpenter Steel of New England, Inc., Bridgeport, Conn 

Webb Wire Division, New Brunswick, N. J 
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COMMERCIAL 
SERIES 15... MODEL H 


High pressure 
shaft seal 





Low pressure 
shaft seal 


Hardened 
drive shaft 


Outboard bearing 





“O”" ring seals 


Patented 
wear plates 


Helical drive and 
driven gears 





T 
Heavy duty gear bearings 


A Remarkable New Fluid Power Pump 


COMMERCIAL presents the new, Series 15H fluid power 
pump—a logical extension of its Series 36H line which 
has received such outstanding acceptance. This small 
powerhouse possesses all the proven basic features of 
the larger COMMERCIAL fixed displacement gear pump 
but is designed for those applications where flow require- 
ments are less. The Series 15H is made in 2”, %4”, 1”, 
1%”, 1%”, 1%” and 2” gear widths and covers a delivery 
range from 3 to 15 gpm at 1200 rpm. It is recommended 
for continuous duty operation at pressures up to 2000 psi 
— at speeds up to 2400 rpm. Volumetric and mechanical 
efficiency rate over 90%. 15H pumps are available for 
flange or pad mountings of many styles and can be fur- 
nished with ports to accept tapered thread, straight thread 
or SAE split flange fittings. 


High performance for keeps 
Perfect alignment is “built in” these pumps because of 





INTERNAL PARTS ARRANGEMENT 






































A-bearing carrier 
E-gear housing 


B-“O"'ring seal C-bearing outer race 
F-floating thrust plate G-gear 


D-bearing roller 
H-drive shaft spline 
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their unique basic construction which establishes the 
machining of all parts from one common reference, the 
gear center line. (See drawing.) 

As shown, gear bearings also act as dowels -- outmoded 
dowel pins are eliminated. 


Matched helical gears having mirror finish ground on all 
surfaces contribute to high volumetric efficiency and quiet 
operation. Thus, complete sealing is maintained — tooth 
to tooth and tooth to gear housing. Ruggedness, greater 
load capacity and dampening of unbalanced internal 
loading are assured by using integral gear: hubs to serve 
as journals for the pump’s oversize gear bearings. In 
order to meet its own exacting standards, COMMERCIAL 
must, and does, produce its own gears. 





A dynamic seal is maintained between gear faces and 
special bronze alloy gear thrust plates. The entire thrust 
plate “closes in” against the gear face because of pressure 
pocketed behind the plate, thus compensating for any 
wear on its gear contact surface. Because the sealing area 
is confined to a small portion of the contact surface, the 
amount of friction has no appreciable effect on pump 
mechanical efficiency. 





Engineering experience available — personal technical 
service and assistance is yours for the asking. For more 
information write to Commercial Shearing & Stamping 
Company, Dept. G-29, Youngstown 1, Ohio. 





pumps, valves, 


LOM HOW 





cylinders, motors shearing & stamping 
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WHEN THE ENGINEER SAYS “FORE!” 


Ihere’s an old story about a golfer who turned to his caddy in a 
difficult spot near the green and said, ““Which club shall I use?” 
I'he caddy looked over the pitch and offered a 9 iron. “I'll take 
the putter,” said the golfer. The caddy shook his head but handed 
the club. With it, the golfer swung, connected—and holed vut 
Now what club do you think I should have used?” he asked. The cadd\ 
looked him over and said, “You still should have used the 9 iron.” 

In other words, in golf as in most other things, you can sometimes 
do the right thing the wrong way. In these days of caddy carts 
ind electric buggies, the only advice a golfer gets is from his asso 
which is usually the equivalent of the Biblical blind leading the blind 
Che modern golfer has a much better chance to perfect his errors 
through practice, plaving game after game on one or two local 

In golf, the rate of change is very low. No golfer will admit it 
insisting there are endless variations, but meanwhile removing 
leaves and twigs and playing winter rules to better a difficult li 
Not so in design engineering—or at least in most design engineeri1 
Some designers there are who merely add a new annual curlicu 
to the whipsocket pattern, but most are faced with constant chang 
hey have to play the ball where it lies, whether behind a tree 
or in a ditch 

Because the rate of change is so gre the books and instruct 
ind rules are likely to be out of date too. The tools may be 
inadequate or obsolete, and there isn't too great a selection 
to keep an eve on the ball, too, because playing a second, even if 
lose the first, is not allowed. And a second try to improve a lie has 
quite a different meaning in engineering than it does in golf 

or in politics, for that matter 

There are plenty of “caddies” willing to give advice, but unwilling 
to hold the bag either during or after the play. And besides, their ad 
isn’t worth a great deal, because you're likely to be playing a new hole 
one no one has seen before and with traps in places that 
experience can’t predict. 

All the designer can do is to look over the lie and then se« 
what he has in clubs. He’ll almost certainly have to convert on¢ 
may have to make a new one to suit the job. From then on, it’s 
head down, firm grip, good pivot, clean swing and follow-through 
particularly the latter. 

Nerve and luck may put him on the green and in the money 
It’s a cinch that a bagful of old clubs and old books won’t do it 


fangianne.. 





SIGNIFICANT ADVANCES IN BERYLLIUM TOROS COME FIRST FROM SRUSH 


BERYLLIUM COPPER HELPS BLOW MOLDERS FILL HUGE DEMAND 


Cast beryllium copper molds allow shorter molding cycles, 
give longer, more economical production runs. 


| Blow molders produced 500,000,000 polyethylene 
containers last year. This year, the big question 
5) seems to be, ‘Can they puff out enough containers 
to meet the expected one billion demand?”’ 
_ Molds made of beryllium copper offer part 

of the answer. 


For mold makers, this Brush- ¢ supplied 
alloy is easy to cast to shape J without 
expensive machining, simple * to heat 
treat to hardnesses of Rockwell C44 and tensile 
strengths to 175,000 psi. For producers of plastics, 
tough beryllium copper molds last longer, reducing 
replacement downtime. The alloy’s high 
thermal conductivity aids in shorten- 


ing mold : ' cycles for more 
output per \ machine hour. a. 
Molds for / i plastics may not be | 
your_prob- ™ lem, but Brush may 

have the answer to some of your tough 

material requirements. For more infor- 

mation on beryllium, its oxide and its versatile 
alloys, contact us at 5208 Euclid Avenue or ENdicott 


1-5400 in Cleveland, Ohio. 


4 BERYLLIUM COMPANY 
ie . Cal ee | 
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DO YOUR OWN 
VALUE ENGINEERING 


Squeezing the manufacturing cost out of a product 
has become the value-engineer’s job. But if your 
company doesn’t yet see need for such specialists, 
you can still apply some of the principles of this 
new discipline yourself. 


RILEY A MURRAY, production design specialist 
Goodyear Aircraft 


Si: is begin t I design engincer s bro 


desk s the i responsibility for the design, it is design, engineer. The fact 
Lis job to ensure t he produ rforms the intended can make improvements 
function “pens wasn’t doing his job 

But this i r job—mor most engineers ar training 
capable of handling, and mor in they have been trained Proper! 
for. That is why man mpanies have idded the two-phase even three 
function of value engineering cost analysis hierarchy product i 


In the first pha hy ran 1 trained value engi ire ver 

neer works wit ry to advise him of the cost engineert 

of alternati g In the second phase (value improve Conside1 

ment), a committ f engineers experienced in various Everyone knot it electro1 equipm<¢ 
phases of product inufacturing perform a post mortem but few realize just how expensive 


on the completed cli recommend money-saving transistors cost about $300 an ounce 
modifications $35 an ounce for 


Some companies do 1 ( elieve the two levels of yunce; precision 


cost-shaving are n¢ I In these organizations, the ost in excess of 
design engineer bears the full 


burden for whatever value expensive too. Miniature switches 1 


engineering is done. This can never be a substitute for while miniature bearing 


1 company-sponsored program. But if individual designers NCE 

familiarize themselves with some of the principles of value This is jus ti 

engineering, they will | I trim manufacturing quipment I mi ruid 

costs significantly and, the same time, demonstrate f the cost is tied up in component 

to management the possibilities of a full-fledged value packaging and in the electronic 
ngineering program linking the components 

‘ designs can be reduced 

Complexity is the problem aielesiiiiiedite, Snteniiiedll Aidan Yom, Read “ws 

Cngineecring invested Can De large inate 
Why have many companies set up two extra operational Whether this reevaluation is don 
vels to do a job tl the design engineer is usuall trained value engineer or during manu 

expected to perform on tl rst run-through? Simply of value engineers, the goal is the 

because the technological world is toc complex, the alter essential function at lowest possible 

native schemes too obscure, e variety of materials toc tain reliabilit On the surface it w 
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Value engineering does 


4 
y. 


Phenolic tube 
cemented to rod 
a 


Phenolic fube 
molded on rod 


After molding._\ 
double piece 
/s Cut here 


& 4 
SY Threaded rods 
net aoe "Separated by phenolic plug 


BEFORE AFTER 
BRUSH-HOLDER STUD for a large electric motor was 
originally made by cementing a phenolic tube to a threaded 
teel rod. Cost: $1.74 apiece. The value-improvement group 
with suggestions from the vendor, recommended that the 
part be made by molding the phenolic around two threaded 
rods separated by a %-in plug. These double-ended parts 
could then be cut apart to give two studs costing $0.70 
h. Saving to the company: $3000 a year. Value improve 
fected by General Electric’s Value Analysis 
gestions from National Vulcanized Fibre Co 


inges before manufacture, rather than after. Actu 
y, experience has shown both st ps are important. Ther 
no need to choose between them; they complement 


ich other and together can achieve substantial savings 
Assurance vs improvement 


ntial principles of value engineering have been 


manv vears under titles such as Cost Analvsis, 
] 


ibility, Cost Engineering and Engineering Cost 
Control. Value assurance before manufacture, for example 
has been practiced by Lockheed, Northrop, and Martin for 
over 10 years. It is an engineering-department function, 
usually performed by one man. In general, the most efh 
cient value eng‘neering is produced by the smallest group 
capable of doing the job 

A good value engineer has considerable design experi 
ence and is fully acquainted with the plant facilities and 
manufacturing methods of the company. With his general 
knowledge he can cure most of the designer’s troubles 
If an evaluation is complicated or specialized, he refers 

back to his | 


department for detailed study. Because 





|) 


A COMPARATIVE ANALYSIS in this simple 
example quickly shows which fastener is 
least expensive to make. In both cases 
the stock must be cut to length, 
turned to the shank diameter and 
threaded, But the cap screw begins with hex 
stock, needs no further operations to 
make a finished fastener; the round 
stock of the machine screw must be slotted 
This additional operation represents 

n unnecessary expense in most applications 


problems are caught during development, the delay for th 
detailed study is usually more than offset by the simplifi 
itions in the improved design. 

Value improvement aims at increasing product valuc 
when there is a finished item available and actual cost 
records can be reviewed. This is primarily the technique 
f the much-publicized Value Analysis group originated 


D. Miles of General Electric. Main 


ybjections to the value-improvement technique are that 


13 years ago by I 


many industry executives believe costs should be cut befor« 
the design leaves the engineering department and that 
ifter-the-fact appraisals hold up designs at a critical stag 
f their development 

Certainly much greater savings can be made if changes 
But larg 
and have been) made with value-improve 


of such experts as value analyst 


ire made before the design gets to production 
savings can be 
ment teams, composed 


yperations planner, cost estimators, etc. GE teams have 


improved enough product to show that such s¢ nd 


ruessing can be profitable 


There are a few dissenters 


But some argue the worth of any kind of value eng 
neering. They say it is only common sense in that the 
designer should be responsible for conceiving the lowest 
ost product for a given function and cost analysis need 
go no further. But the same objection could be made t 
establishing a special group for stress analysis or for check 
ing drawings—and with more logic since these are things 
Few engineers, how 
ever, have had training in value engineering. And most 

mmpanies find it more effective to have a staff of highly 


in engineer is supposed to know. 


trained value engineers who are not hindered by other 
engineering considerations, just as stress problems are best 
handled by stress engineers 

The oldest argument against a value-engineering group 
ind the most difficult to overcome is the opinion that “It 
won't work in our case.” Only actual experience can 
change this reluctance to accept new ideas—and the exp 
rience can be obtained at little or no cost. Have your 
product value-engineered. Even if savings are only half 
vhat could be realized with a thorough analysis by your 


wn staff, they will undoubtedly offset the cost of th 
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analysis. Suppose you make 10,000 items costing $10 
piece. A value-engineered saving of only 10% will 
amount to $10,000—a worthwhile improvement even if it 
costs $5,000 to get the job done. The few instances when 
a product can’t be value-engineered to show a saving are 
readily apparent to a trained value engineer. 

Despite these arguments, many companies have no value- 
assurance men or value-improvement groups; getting the 
most product for the least money is a matter that begins 
and ends with the engineer himself. Can he be trained 
to do his own value engineering and to be made more 
aware of the considerations of cost and reliability? To a 
limited extent, yes. 


The do-it-yourself approach 


Value engineering can be performed by anyone who has 
the authority to specify, in part or total, a product or 
method of operation. Most engineers are a part of work 
ing management and have the responsibility to incorporate 
as much value as possible into those items under their 
control. This is just as true for the draftsman of clips 


and brackets as for the senior engineer with responsibility 
for design of major components 


To put value into your product you need only a tool 
you already own but seldom recognize because you use 
it unconsciously. This tool is a comparative analysis— 
the same one, with additional refinements, used by the 
professional value engineer. 

He divides comparative analysis into two segments: 
observational analysis—a comparison of different forms, 
different tolerances, different materials that perform the 
same function; and operations analysis—a comparison of 
various methods of fabrication. He breaks both down into 
great detail with an item-by-item list showing differences 
between competing proposals. He puts these in terms of 
dollars, because he must resolve opinions of various groups 
and the dollar is the only common denominator under- 
stood by all. 

In your analysis you do not need the professional value 
engineer’s fine detail. Rough comparisons are satisfactory 
and will usually prove the superiority of one method over 
another. In observational analysis, for example, you will 
quickly see that if the design will allow larger tolerances 
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RELATIVE COST of tolerances 
and finishes is not a straight- 
line relationship. With a 

looser tolerance or a rougher 
finish, manufacturing cost can 
be reduced significantly 


or rougher finishes, the savings will be large and the value 
increased accordingly. 

In a comparative operational analysis, on the other hand, 
a short list of the manufacturing steps for each of the alter- 
native methods will reveal which of the two is the more 
expensive. Eliminating unnecessary operations, standardiz- 
ing similar parts, specifying less expensive materials 
these can all be evaluated quickly on the basis of com- 
parison. 

Although your efforts as an individual will be minor 
when compared with a company-sponsored value-engineer- 
ing program, the results can be amazing. You will have 
the satisfaction of doing a better job and will receive 
recognition as you increase your worth to the company. 
You can cure many of your headaches by prescribing your 
own value-engineering “aspirin.” 

In reply to the professional value engineer's indignant 
screams that this do-it-yourself approach is not true value 
engineering, I apologize. In justification I say that we 
must learn to crawl before we can walk. And some of 
the crawlers will eventually walk into top management 
where they will help to sell a company-sponsored value 
engineering program. 


EDITOR’S NOTE: These previous articles examine com- 
parative manufacturing costs in more detail and discuss 
further aspects of value engineering and its older brother, 
cost control. 

Designing with Dollars, Mar '48 p 81—Pointers for an- 
alyzing cost of a design, with a list of cost-savers. 

Designing for Lower Costs, June ‘49, p 81—88 page spe- 
cial report with curves showing comparative costs of 
materials and case histories of a variety of products rede- 
signed for lower cost. 

Design Cost Control, Sept ‘49, p 81—Cost-control engl- 
neers team up with designer to evaluate design alterna- 
tives. An example shows analysis of four ways to make a 
fitting, and cost for each. 

Producibility Check List, Dec '55, p 174—A summary of 
those factors you need to consider when improving a de- 
sign to give less weight, lower cost, less complexity. 

Engineering Economics, Feb. 55, 6 187—How to set the 
engineering budget and meet it through cost records. 

Value Control—Extension of Value Analysis, May ‘57, p 
155—The two levels of value engineering—first in the 
design room and later in production and purchasing—as 
developed and executed at General Electric. 


63 





HARD HARNESS for EASIER WIRING 


The covering of molded resin and fiberglass 
keeps wires from running wild 


and provides a rigid bundle that effectively takes abuse. 


NORMAN R LAY, lead designer, Production Design, Aeronautics Div, Chance Vought 


yz Wire bundle is prepared on harness board 
by usual methods; corrugated fiberglass tub- 
ing protects wires for runs outside the por 
tion to be molded... 


2... the mold is prepared by inserting a lin 
ing of resin-impregnated glass cloth. Wire 
bundle is then placed inside the lining, the 
covering is folded 


. over the bundle, and the mold closed 
under pressure. After curing and cooling, 
the mold is opened and the cable assembly 
removed 


4... installation shows advantages of hard 
harness—its casing provides both structural 
support to the bundle and protection against 
damage during installation and in service 
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WA hat can you do with the maze of wires the “black 
box” designers say are necessary for their equipment? 
Invariably, the first estimate of size of a wire bundk 
ilways seems about 4 in. dia, but somehow it swells to 
2 in. or more by final installation. Everyone assumes the 
bundle can be tied, divided, changed, bent, twisted, and 


outed in any direction. But when the time of reckoning 


comes, these easily bent wires suddenly become pretzel 
shaped pythons that try to strangle you 

Wiring systems must last the life of the product and 
this requires protection both in installation and against 
service abuse Chance Vought’s molded cable system 
provides this protection with a covering of molded resin 
impregnated fiberglass. Encasing the wires replaces meta 
conduits, string ties, and wrapping the wire bundles with 
It also reduces the number of 


the wire bundles 


ibrasion-resistant tapes 
clamps and supports, and retains 
piace 

Molded cable assemblies will 


temperature of 300 | ost little more to fabricat 


withstand an operating 


than a conventional cab! sembly for bundles of 4 
wires or more. The 1 xd provides for a full range of 
wire types, and offers « ym-made molded cable ass« 


vit 


blies when needed It ¢ weight is compared with 


tandard airframe wiring 
Wire in the molded cable assemblies is given a water 
bath dielectric test per specification MIL-W-16878, and 


] 


tl t ith a protect layer « 


packaged one length to the reel witl 
xolvester firm sponge wrapped around the reel of wir 
| PI 


Ive | 


All sharp edges are carefully removed from the work area 
Wires are t 1 into bundles 
en molded Next, the a mblies are testec 


for insulation resistance and continuit Spare wires ar¢ 
changes and future growth of the eiec- 


ield 1 il I nade by 


prov ided for cir 
trical system completel; 
cing the molde cable seml routing wires 
idjacent to the molde ible until a spare assembly 
uilable 
Mold le is 1 t effect I is needing 


| eRe Ce 


1" ie 
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chanical protection, where space 1s at a premium, and 


when a large number of wires interconnect major cle 
trical equipment areas. It becomes practical from struc 
tural and weight-saving considerations when 40 or more 
wires are called for in a cross-section. This type of rigid 
cable assembly is exactly defined, accurately located, and 
fabricated in the same shape for each assembly, wheth 


first or last in the production run. 


EDITOR’S NOTE: Data on mechanical layout and protec 
tion of wiring have been included in these earlier articles 

3-D Harness Wiring, Apr 18 60, p 82—Presents a punched 
card system and three-dimensional mockups to bring mass 
production to custem wiring 

For Best Results with Printed Wiring, Apr 4 ‘60, p 57 
How to determine if etched laminates will be better than 
conventional wiring; specific design problems faced with 
printed circuit boards. 

Electrical Connectors, Dec 7 '59, p 71—Direct compari 
sons of all connection methods, permanent and separable 

Punched Cards—Answer to Wiring Woe, Jan 20 '58, p 58 

Shows how computers can predict the most economical 
routing when connections are too numerous for a designer 
to figure out without help. 

22 Clamps for Wire and Cable, Oct 26 '59, p 80—Shows 
all ways to bundle and attach electrical wiring 

26 Ways to Cut Wiring Costs, June '50, p 140—Gives tips 
mn color-coding, wire-less drawings, preformed conductor 
and snap-type cable clips 


& r es 
| Molded Cable 
vs 

| 














No. of wires 
WEIGHT-SAVING of the hard harness is 
ubstantial for assemblies made to MIL specs 


SECTION of typical assembly (5 times actual size) 








For complex, hard-to-shape glass parts like these, try .. . 


PHOTOSENSITIVE GLASS + 


Where your pattern allows light to strike this 


special glass it becomes extra-soluble in etching 
acids—an economical way to turn out electrical 
and mechanical precision parts. 


NICHOLAS LAZAR, senior product engineer 
Electronic Components Dept, Corning Glass Works 


Wi hen you select a glass—or one of the new glass-ceramics—as an engineering 
material, it’s usually to satisfy a need for good electrical insulation properties, 
dimensional stability, and high-temperature resistance, along with chemical 
inertness and optical transparency. But this combination of properties is use- 
less unless the glass can be fabricated into parts—particularly if they are the 
precision parts required by miniaturized design. Here, chemical machining 
u*ing photosensitive glass—is providing the answer. 

Photosensitive glass contains ingredients capable of forming permanent, 
three-dimensional images in otherwise clear glass. A cloudy image is formed 
throughout the thickness in areas that are exposed to light through a photo- 
graphic negative. This clouded part of the glass is much more soluble in 
hydrofluoric acid than the clear unexposed areas, and can be etched away 
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TABLE |—PROPERTIES OF PHOTOSENSITIVE GLASS 
(Corning No. 8603, Types B and C) 





Property Unceramed 


Type B Type C 


Ceramed 





Specific gravity 2.36 2.37 
Modulus of rupture, psi « 1000 
(Abraded samples) 7 >16.0 
Modulus of elasticity, psi « 10° 11.0 12.0 
Modulus of shear, psi « 10° 46 5.1 
Working tensile strength, psi 1000 1.0 
Knoop hardness, kg/sq mm (100 gm) 566 
Softening temperature, °C 
Specific heat, cal /gm-°C 
at 25C 
200 C 
Thermal conductivity, cal sec-cm *-°C per cm 
at 25C 
200 C 
Surface finish (as formed), microinches 
Poisson's ratio 


MECHANICAL 





Fower factor, at 1 me and 20 C 
1 me and 200 C 
Dielectric constant, at 1 me and 20 C 
1 me and 200 C 

Dissipation factor, at 1 me and 20 C 
Loss factor, at 1 mec and 20 C 
Dielectric strength, volts /mil 
Surface resistivity, ohms/sq mm 

Untreated surface 

Silicone-treated 


ELECTRICAL 

















CHEMICAL MACHINING 


completely (or partially), leaving a finished part with 
contours completely determined by the imposed image 


Photosensitive 


Making the Part 
Accuracy obtained in a finished part depends primarily 


on workmanship in preparing the master 


— 


glass comes in any of several forms pattern to be 
ype B is th clear unexposed type, Type C is yellow 
brown in color, Type E is opaque brown to black. All 
ire readily etchable during processing after exposure to 
light and heat [ype C, produced by controlled light 
and heat treatment of Type B, is sometimes used simply 


etched and on close process control The designer has 


control only over the first of these rt work for hole and 
cutout patterns is usually done in India ink on Mylar 
Where possible, art work is drawn several times the size 
of the finished product, and reduced photographically t 
for its high electrical resistivity and its opacity. The obtain best possible accuracy on the finished working nega 
black form of Type E finds application in photosensitive tive It is essential here to use 


uum photographi 
devices 


I — 


materials and technique. Neatness and accurac\ 
art work and negatives are prime requisites 


m both 

These forms of photosensitive glass contain special 
nucleating agents which, together with further heat treat 
ment, function to transform the material's structure from 
in amorphous glass to a crvstalline glass-ceramic (PE—Mat 
17 °58, p 87, “Glass-Ceramics Go Commercial” The 
new material has higher strength, melting point, and 
coficient of thermal expansion 


Occasional] 
art work is adjusted to compensate for slight shrinkag 
of the glass that takes place during the process. ‘This 1 
necessary only when the part has a length-to-width rati 
exceeding 2, and arises only because the long dimensio1 
requires additional support—thus slightly restraining frec 
Co distinguish between shrinkage 
the two basic structural states of photosensitive glass, the 
unceramed group (Types B, C and E, above) has been 
termed Fotoform glass, while the ceramed form of these 
materials is called Fotoceram. Table I compares the m« 


chanical and electrical characteristics of the unceramed 


Etching produces a hole or cavity with a side-wall tap« 
of about 4°. When the blank is etched from one sid 
only, with a resist material protecting the other side, a 
conical hole shape results. With two-sided etching, holes 


generally have an hourglass shape Table II gives the 


and ceramed types 
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limiting dimensions for holes made by one-sided and two 


67 





TABLE II—ALLOWABLE DIMENSIONS FOR ETCHED HOLES 





2. Two-sided Etch 
iia ii etc es as, . 
4 
E- 0 WI 


ol ~ - 














| 

Min D=T/10 or QOI0 in., whichever is larger 

| Mox T=!0D or Q235 in., whichever is smaller 
Min W= 0,004 

p' =D +7/20 

Min W* 0004+ T/20 

LA Min S =D +0,004+ 1/20 (for D = T/10) 








TABLE lil—-TOLERANCES FOR PHOTOSENSITIVE GLASS PARTS 
(Corning No. 8603, Types B and C) 





ELECTRICAL CHARAC-~A 
TERISTICS of ceramed andl) 


Dimension (all + tolerances, in inches) Unceramed unceramed photosensitive 





glass are sharply influenced 
by temperature and frequency 
as shown in these curves for 
dielectric constant ana loss 
tangent. Note that the ce 
ramed material is suitable fo 
operating temperatures up to 
500 C, and that at very high 
frequencies both electrical 


Cut edge 
Ground edge (standard) 
(premium) 
Etched edge 0 to 2 in. long 
over 12 in. long 
Hole ID, and slot length (or width) 
0 to 1 in. 
1 to 3 in. 
Hole spacing (center-to-center) 
0 to 2 in. 
Ya and over 
Out of fiat. 
Pattern concentricity 
exposed separately 006 
exposed simultaneously Same as hole spacing tolerances 


SB Be 


properties are stable over the 
.002 : : 
003 /in . full temperature range rem 
— "0 erature limit for the unce 
002 /in. ' » 
ramed glasses is about 400 ¢ 


o ooo oo oooo°o- 
88 
Uw 














For glass thickness up to 0.080 in./for glass thickness over 0.080 in 


PRINTED CIRCUIT BOARD 
made of ceramed photo 
sensitive glass has connecto 
holes etched from both 

sides and through-metallized 
for efficient junction with 
the circuit pattern. Ceramed 
form has higher flexural 
strength, allowing simpler 
support systems to be used 
Vibration tests show 1/16 
in. thick Fotoceram board 
will withstand deflections 
equal to its own thickness 
over a range of frequencies 
from 10 to 2000 cps. This 
performance requires corne) 
mounting on Lucite pins 
with fiber or rubber washer 
for cushioning 
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Loss Tangent 














Fotoceram 


Loss tangent 


pS eene: 














200~—«—i(<‘éwkwO 
Temperoture,°C 





200 ~~ 400 
Temperoture, °C 
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Dielectric Constant 


F f =/0" cps 
Fotoform B 


Fotoceram 


constont 


Dielectric 





Dielectric constont 











Bis. ‘ 9 
B 5x10” 85x 1/0 


i 





4 Sa 
150 250 350 200 400 
Temperature, °C Temperature, °C 

















tching, a [1 shows the tolerances to which either side, and electroless 
1ese dimensions can bi 1. Note that in most cases printed circuit work is made ea 
the unceramed material can be etched to closer tolerance important. Etching from both 
Certain parts, like lering jigs and fixtures, and evap f the hole smoothly into the surf 
ration mask in be made to even closer tolerances. In whereas one-sided etching leaves on 
iddition to through holes and slots of various shapes, relief de that was masked The smoot 
patterns, grooves and shalloy oles can be cut by selec from flat side to hole interior allow 


" " ] 
tive etching and masking techniqué 1ole metallizing 


Which T f Etch? With special metallizing technique 
ic ype o ch? 


continuous circuit run can be laid 
['wo-sided etching is generally preferred for three rea without the use of adhesives. Such 


} 


sons: smaller, closer spaced re possible, the hour necting integrally to through-hol 
glass hole shape facilitates insertion of metal parts from not only good electrical conducti 
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GLASS SCREEN, ETCHED WITH 562,500 HOLES PER 
SQ. IN., shows fine detail possible with chemical machining 
of photosensitive glass. Such screens, made from very thin 
Fotoform, are used in electronic storage tubes and image 
orthicon tubes 


PHOTOMULTIPLIER TUBE CONTAINS 
FiVE SPACERS chemically machined from 
Fotoform B and E (dark parts). Dimensions 
and tolerances for hole and slot patterns like 


these are given in Table II and III oy ...) 


thermal conductivit' iI dip-soldering applications 
Through-hole metallizing nducts heat well, so it warm 
quickly, wetting properly with the solder to form a 
smooth, continuous fillet 

Surface finish of etched parts can be either etched 
or ground, depending on the application. Grinding gen 
erally leaves sharp edges on finished parts. Where neces 
sary, grinding can be done to close tolerances, with surtfac« 
finishes ranging from 120 microinches down to approxi 
mately 0.6 microinches 

Exposure, treatment and etching processes of the photo 
sensitive glass materials discussed here are proprietary 
with the Corning Glass Works; these materials are ther 
fore not yet available except in finished products mad 
to customer specinications An execption is a printed 
circuit grid board made of Fotoceram, which is availabl 
as an off-the-shelf item for prototype work in circuitn 
Stock thicknesses for all materials range from 0.052 in 


min to 0.235 max; and max size, so far, is about 10x12 in 
PRINTED CIRCUIT GRID BOARD for prototype work is 
made from Fotoceram, with holes chemically machined REPRINT COPIES of this report are available for 25 cents each 
Board has all surfaces copper-clad (right). Acid etches by addressing Reader Service Dept., Product Engineering, 330 
away undesired copper to leave desired pattern (left). w 42nd St, New York 36, NY. 


EDITOR’S NOTE: Other articles on hows how to choose logical one for New development in investment cast 
new industrial uses for glass and the commercial-volume applications. ing technique that improves strength 
glass-ceramics include the following Glass Ceramics Go Commercial, Mar and ductility of cast parts, reduces 

Which Process for Fiberglass-rein- 17 ‘58, p 87—Application data on Pyro- hand finishing, increases productivity 
forced Plastic Molded Parts, Jan 11 '60, ceram grades which show good prom- Glass-to-metal Seals, Jan '57, p 188— 
p 47—Up-todate guide to selecting ise for ballbearings and pistons for Design factors that influence selecting 
from 15 available processes. Compares internal combustion engines. the best way to avoid gasketed glass 
advantages and disadvantages, and Glass Cast Process, Oct 14 57, p 68— assemblies. 
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Balance Springs 
Position X-ray Safely 


Counterbalanced mast permits accurate vertical adjust- 
ment of X-ray by hand. Spring motors replace the motor 


drives, controls and safety devices usually required. 


4 





FOUR OUTPUT DRUMS are used to balance the 96-lb 

X-ray head. Each is driven by its own three motors con- 

sisting of spring and storage drum. Each spring exerts 

8 lb—therefore the 12 springs exactly balance the 96 Ib 

load. Operator need only overcome the friction in the 

motors and columns (approximately 5 Ib) to move the 

X-ray head up or down ee 

COUNTERBALANCE operates through a winch and cable- 
storage drum mounted overhead. Winch drum is mounted on 
the single output shaft uf the spring motor. Constant restrain 
ing torque applied to the winch drum supports the weight of 
the telescoping columns and the X-ray tube. Spring motor 
consists of a spring wound on a storage drum, free to rotate 
and then extended and anchored to an output drum. Resisting 
force of the spring, when wound against its natural curvature 
on the output drum, produces a torque about the axis of the 
output drum. 

The lower column is supported by cables to the winch 
drum. A secondary cable attached to the top of the lower 
column runs under a pulley in the lower support column to 
an anchor in the upper support column. This cable system 
causes the support columns to raise or lower at % the speed 
of the lower column. 


PS ... Vertical movement of telescoping X-ray column 
is usually controlled by a motor in the overhead housing. 
Despite safety devices this introduces possibility of injur- 
ing the patient or X-ray tube by over-extending the mast. 
Manually positioned columns are produced by Keleket 
X-Ray Corp, Waltham, Mass. Constant-torque spring 
motors are Neg‘ators produced by Hunter Spring Co, 
a division of American Machine and Metals Inc., Lansdale, 
Penna. 
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Copy Camera Rolls 
to the Job 


Auto headlight bulbs and a glass pressure 
cylinder simplify the optical system here. 


Copies are automatically developed and stabil- 
ized inside the same cart—no need for an 


outside water source. 


ORIGINALS ARE FED into the 
camera and pass through an ex 
posure area. Here, the image re 
flected from their surface passes 
through the glass cylinder, which 
provides one half of the contact 
“nip,” and then through a reduc- 
ing lens. Reflected by a mirror, 
the image is projected to photo- 
graphic paper moving in synchro- 
nization with the originals. The 
exposed paper is immediately de 
veloped, stabilized, and dried; and 
the copies are cut apart 

The light source and drive mo 
tors are turned on by a micro 
switch in the feed slot. A time 
delay relay holds the light on long 
enough to scan the original. 


Cutter Section 
U oeCric 
i = 


o on 
4 





ame 


a , 
\ 











LIGHT SOURCE consists of 20 standard 6-8v, de, 
21-cp auto headlight bulbs which have an additional 
reflective coating around the neck. One row is on each 
side of the glass cylinder—each row containing eight 
bulbs in line, equally spaced, plus an additional bulb 
at each end. This compensates for light travel and 
provides uniform illumination intensity across full 
width of the exposure area. 

The miniature, tungsten-filament, dc bulbs were 
selected for a number of reasons. Light source must be 
switched on and off instantly several times per minute 
as the original enters and leaves exposure area. This 
requires a tungsten filament to provide instantaneous 
response. Intensity control is simple—voltage is varied 
by rheostat. Broad spectrum of tungsten filament re 
flects ample light from wide range of colors possible 
on originals 


PS ... Camera handles opaque originals up to 9 in 
wide, of any length. Copies are reduced to 70% of their 
original linear size. Uses standard stat-comera photosensi 
tized material in rolls up to 350 ft long. Only external 
connection required is 110-v, 60-cycle, 15-amp current 
source. “Copy Cart” is produced by Peerless Photo Prod 
ucts Inc, Shoreham, Long Island, NY 
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Cranked Engine 
Starts Smoothly 


This hand starter stores kinetic energy in small 
flywheel that starts large diesels within ten seconds. 
Meanwhile, auxiliary gear train frees engine for a 


smooth start. 





> . - 4 ’ a 1 

Sotellite ti, . ta<=5 
C3 

4 7 bt ”® 
4 
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OPERATOR CRANKS the starter 

handle until an audible signal tells 

him that operating speed of the fly 

wheel has been reached. Operator 











now stops cranking and engages a 











dog-clutch that relays energy from 
the flywheel to the engine. The sig 
nal is a buzzing sound produced (at 








8000 rpm) by a weight with which the 
flywheel strikes its cover. Cranking 





energy is transmitted through speed 














increasing gears (116:1 ratio) to the 
flywheel. Meanwhile, auxiliary worm 
shaft slowly rotates the engine fly 
wheel to overcome initial inertia 
prime the fuel injectors, and take 
ip backlash 


BEFORE FLYWHEEL ACCELERATES, the crank is also turning the engine 
flywheel slowly—by means of the worm and wheel. At first, it rotates the worm 
wheel and main-pinion shaft. Restrained from rotating by a ratchet disk, the main 
pinion moves along its shaft axially. It meshes with the engine flywheel ring gea: 
and, at the end of the shaft, is forced to rotate. This is when it overcomes the 
ratchet disk and starts to rotate the engine flywheel slowly 
When the starter reaches operating speed through its step-up gearing from the 
hand crank, the dog clutch is tripped, connecting it to the engine input crank. This 
crank is one of a pair whose output side is connected to the pinion shaft through 
an epicyclic gear train. The cranks turn 180°, accelerating the starter pinion 
gradually as the energy in the flywheel is transferred to the engine. When engine PS Starter weighs 73 Ib 
starts, the ring gear speed is greater than speed of the starter pinion, so the latter can replace electric units on 
is now pulled out of engagement by the bendix gear. diesels with up to 6-liter dis 
The flywheel-to-engine cranks are reset to starting position after hand crank slacement. Developed for en 
moves pinion into mesh by means of the auxiliary worm and bendix gear. At this gines that are infrequently used 
point engine inertia holds the pinion still, inertia of the input-output cranks is but must stort instantly when 
overcome, and they are reset to starting position. Once reset, they cannot move required, this auxiliary elimi- 
further and the drive is transmitted through the pinion to rotate the engine. Until nates need for storage batteries 
the main pinion is engaged and the cranks reset, the auxiliary clutch stays dis or other electric source. Pro- 
engaged; inertia of the step-up gearing holds the bevel wheel stationary and con duced by Simms Motor Units 
verts the gear set into a reducing epicyclic. With the auxiliary clutch engaged East Finchley, London, Eng 
the gear set is locked and the step-up gears driven by the bevel gear can accelerate 
the starter flywheel 
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Opaosing force plus 
piston return loading 





—— Piston 





Guide 


Plug 


Diaphragm 


Thermostotic 
morterial ” 


solid-liquid phase wax expands field of... 


HIGH-FORCE THERMOSTATIC 


ACTUATORS 


Versatile wax-filled thermal controls are now competing successfully 
with conventional liquid- and gas-filled bulb-and-bellows actuators. 
They are available from several manufacturers, with a choice of 
thousands of performance characteristics. Authors explain how they 
work, compare them with other types, and present 

design guide for putting them to work. 


JOHN S FREISMUTH, project engineer, and 


JACK K GOULD, manager, product planning (Vernatherm 
Detroit Controls Div 


American-Standard Corp, Detroit 


Bf direct mechanical output is needed from a temperature 
sensing device, then a conventional electrical-contact 
thermostat won’t do. Available for such tasks, however, 
are thermostatic actuators—thermostats that perform work 
without need for external power. 

A relative newcomer to this field is the solid-liquid phase 
thermostatic actuator (its mode of operation is sketched 
above). It gets its output movement from a hydrocarbon 
wax, which expands considerably when it melts. The two 
older types—still going strong—are the thermal bulb (bulb- 
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and-bellows) and rod-and-tube (bimetal) thermostats. All 
three types give axial movement. 

Of the three types, only the solid-liquid actuator ha 
both large force {up to several hundred pounds) and ap 
preciable displacement (up to 0.5 in. available, and can be 
larger) in a relatively narrow temperature range. Internal 
pressures can be high—up to 4000 psi and higher for 
special applications. A bellows offers larger movement, but 
output force will be much less, limited by those pressures 
which can be sustained by its flexible walls. Rod-and-tube 
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TYPICAL PERFORMANCE 
temperature change) 


of Three Actuator Types (for 
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HOW THE WAX TYPE WORKS 
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large vari f displacement-vs-tempet characteristic 


several thousand are already available from various manu 
changing the composition 
ind modifying the 
Table 

ve general data on typical designs 


facturers—are made possible br 


of the wax, the wax-to-copper ratio 


] 


shape and size of the container and piston ind 


fad 
gl 


To prevent loss of wax during piston movement, 
Ordinary O-ring and V-ting seal 


graph on this page 
! 
diaphragm is needed 
re unsuitable because wipe-by causes loss of wax tendin 
The rubber plug transmit 


to walls 
mm diaphragm to piston—without 


i; mechanical link might do. And 
walls allow 


adhere to cylinder 
motion and pressure fr 
damaging diaphragm as 
necking-down of the 

magnification of the motion. 

Return motion of actuator (during cool-down) is som¢ 


what different than forward (operating) motion. It d 


plug’s surrounding 
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20-F 


TYPICAL RESPONSE CURVES 
low) for the three types of thermal 
actuators (left) emphasize their dif 
ferent travels with in tem 
perature. Wax-type elements (colored 
curves) have steep slope (up to 0.1 in. 
per °F in designs) in 
working relatively flat slopes 
beyond this range. Silicone grease can 
be instead of wax to get 
sponse shown. Bellows have nealy 
linear movement, with varying 
depending on fluid in thermal 
Rod-and-tube element has linear 
movement with temperature, but 
extremely small stroke, very 


changes 


possible some 


range, 
used re 
slopes 
bulb 
also 
has 
high 


ce 


1. a solid-liquid actuator ¢ 


It = 


20 140 160 


Temperature 


: 


bas 


plug, piston), of th 
For instance, the wax has a larger volume (at given 
during recrystallization than during melting 
plotted cl 


pends on normal hysteresis nical parts 


h 


and crystallization iracteristics 
wax. 
temperature 
l'ypical travel-temperature hysteresis 


} 


1¢ 
iS i 


n iart 


B on next page 

plotted) would show 
somewhat greater offset than that plotted for travel, 
uuse the friction stroke 
oppose piston motion, and the load supported by the 
For example, 


lorce temperature hysteresis (not 


be 


return and 


forces reverse on 
piston normally stays in the same direction. 
if a 30-Ib load can be moved in the operating direction, 
then a larger load can be suj 
ported by the piston on the return stroke because plug 
careful t 


ictuator 


several pounds more 


friction helps sustain it However, be ot 


of 


exceed internal pressure limitations 


Return spring is usually needed for cool-down 





CHARACTERISTICS OF PISTON MOVEMENT 





because wax is contracting and does not exert positive 
force on the diaphragm. Return spring can be eliminated 


if supported load can be counted on to provide return forcc 


TEMPERATURE LIMITATIONS 


End-point temperatures (points T, and 7 





Piston movement ——> 


this page) can be as high as 250 F, or as low as 
with the hydrocarbon waxes available, no singk 
can span the entire range. 

Ihe waxes can physically tolerate much higher (and 
lower) temperatures than those in the working range, but 
Temperature ictuator response will tend to fall off at the end points 
And other parts of actuator liave limitations too: dia 
phragm is normally limited to 300 F (450 F if special 


material is used excessive overtravel (out of working 











range) may strain or rupture diaphragm; and copper dis 
persion in wax may settle slightly if temperature exceed 
200 F above max working value (at normal temperatur« 
l rubberlik« binder keeps copper dispersed 

If ambient temperatures in shipment or storage will 


cause excessive overtravel of the actuator, special design 
precautions (such as specifying load-limiting springs 
should be taken. If necessary, ship your control mechan 


° 


ism to actuator manufacturer for proper assembly 


and high-temperature operation ip to +50 | 


hydrocarbon wax¢ ire unsuitabl ilicone-t 


For special low-temperature operation (below 


Piston movement, in. 


Oo 
oS 
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can sometimes be substituted. Such greas 
liquid phase material, and has much lowe 
180 190 200 sion than most of the waxe 

Temperature, °F throughout wide temperature 
temperature range must be 











piston movement 





ACCURACY AND RESPONSE 


lemperature ng accu ittainabl 
} 


irbon-wax actuator I with 


m 


A ACTUATOR RESPONSE is almost linear in working 
temperature range from point 7, to 7 Below 
temperature at T,, hydrobarbon wax is solid 


ton movement, 


it is liquid. In between, it changes gradually froim 
solid to liquid. Range can be varied, depending on wax 
compound used (see typical-response curves p 75) 


NORMAL HYSTERESIS of wax and mechanical parts 
(see text on previous page) gives return travel that 

is offset about 0.01 in. from forward travel. Example 

for typical spring-loaded actuator 


LOAD AFFECTS MOVEMENT of any actuator 

(including bimetal type) because force-producing 

160 170 180 element is somewhat elastic and compressible. Curves 
Temperature, °F here are for typical hydrocarbon-wax actuator 

working against three different test loads (compressio1 

springs): curve 1—60-lb preload, 80-lb final 

curve 2—80-lb preload, 115-Ib final; curve 3—100-lb 

preload, 135-lb final 
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HIGH-FORCE THERMOSTATIC 
ACTUATORS: continued 


A GREATER TOTAL MOVEMENT for given temperature 
change results when identical actuators are stacked 
in series. Design shown has over 0.5-in. travel for 50-F 
change One variation—to increase total temperature 
range—is to have nonidentical actuators, each designed 
for a different temperature, so that one actuator takes 
over where the previous one leaves off 





B AVERAGE TEMPERATURE of two actuators dete: Movement 
mines movement of center link in this design 


ELECTRICALLY OPERATED THERMOSTATIC ACTUA- 
TOR has hydrocarbon-wax element, but heating is con 
trolled with electrical current. Design is useful for posi 
tioning valve remotely—a rheostat on the control panel 
adjusts heat input to coil. Another application: electrically 
operated plunger to replace conventional solenoid where 
high speed is not important 


Thermostatic 


mndition \n example of ide: ynditions is the mixin morerio/ 


alve shown on p 78. It has sufficient flow to assure good 

surface heat transfer from water to sensing element. 
Accuracy is not affected by moisture, humidity o1 

changes in pressure and elevation because actuator cases 


are mechanically strong and thermostatic material is 


sealed in veandi Heating 


Positional repeatability is good—best normally attain cor 


ible is 0.005 in. for a given temperature ind response 
is approximately linear in working-temperature range. The 
performance table on t’ is page shows travel tolerances for 


typical actuators 


Speed yf response for wax-ty] lements is relatively 


slow—from about 10 seconds s; much as 24 minutes PERFORMANCE OF TYPICAL HYDROCARBON-WAX ACTUATORS 
for full piston stroke, depending on mass of unit. Internal 


(test-loaded with compression spring) 
thermal conductivity of hydrocarbon wax with dispersed 


copper is g od, but effecti heat-transfer coefhcient of 
external surface is only fai Best response is obtained Over-all 





when the fluid medium being sensed is moving at high tength, in. 





velocity Cup size, in. 
Slow response sometimes helps avoid instability, how dia 


evel Piston movement will be smooth, unaftected by length 





rapid fluctuations in temperatur: 
Initial: 

Modifying Output Force temp., °F 

force, Ib 

Preload springs—normally used to help return piston (preload) 


1 


to cool-down position—ma lso be used to absorb a por 
I 





Final: 
temp., F 215 205 102 85 
prevent damage it force, Ib 23.2 | 106 | 17.6 260 
driven mechanism is not intended to withstand high forces travel, in. 0.067} 0.165} 0.330 0.397 
Special springs such as the nonlinear type will vary this = 0.007] # 0.005} + 0.010 = 0.012 


tion of piston output force, thus limiting force availabk 


to move the load Mhis feature helps 


























resisting force in any manner desired 
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HIGH-FORCE THERMOSTATIC 
ACTUATORS continued 


Movement 
Sleeve 
volve 


WATER-MIXING VALVE is typical application for hydro- 
carbon-wax thermostatic actuator. Actuator adjusts sleeve 
up or down automatically until mixture temperature of hot 
and cold water remains constant at set value 


COST AND MAINTENANCE 


Initial cost of a hydrocarbon-wax actuator is less than 
$1 for small size, less than $10 for large size. Principal 
saving, however, is in elimination of external power! 
connections: The sensor does its own work. 

Service life mainly depends on diaphragm, but the 
hydrocarbon wax will also deteriorate somewhat after 
repeated cycling. Typical over-all life for actuator in a 
heavy land vehicle is 50,000 full-stroke cycles. Actual 
useful life will be much greater, particularly if cycling is 
less than full-stroke. 


CHOOSING AN ACTUATOR 


Most thermostatic actuators are custom-designed for a 
particular application. There are thousands of possible 
variations in temperature, force and stroke so that it is 
impractical to stock even a small portion of them. It is 
important, then, to define the application in detail before 
writing final specifications. Here are points to consider: 


The Three Actuator Types 


Bulb-and-bellows actuators are ideal for remote sensing 
where the bulb must be located at an awkward distance 
from the bellows, and where high sensitivity is needed. 


Rod-and-tube thermostats are commonly found in pneu 
matic systems—where direct and powerful mechanical 
axial movement of bimetal element directly positions 
pilot valve in pneumatic amplifier. Solid-liquid thermo 
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COOLING FAN FOR ENGINE is clutched-in automatically 
by thermostatic actuator when sensed temperature is too 
high, and is declutched when temperature is too low. Be 
tween these temperatures, fan speed depends on actuator 
force and clutch slip. As much as 20 hp can be saved in 
a typical large automobile engine by declutching fan when 
it is not needed 


static actuators are simplest, because they are self-contained 
and smallest of three types for given energy output 
Vibration and other ambient conditions do not harin 
them. They can be conveniently “stacked” (see sketches 
on previous page) to multiply movement or extend 
working-temperature range 

Sometimes, advantages of one method can be combined 
with those of another. 
carbon wax can be used in a thermal bulb—high thermal 
expansion of the wax can be transmitted via oil in capillary 
tube to a remote piston. Also, the long slender design 
of a thermal bulb can be applied to the solid-liquid 
actuator shown on page 74, increasing surface area and 


For example, solid-liquid hydro 


considerably reducing thermal response tim¢ 


EDITOR’S NOTE: These previous articles discuss separat« 
elements of the problem of temperature-sensitive actuators 

Thermal Actuator, Nov 3 °58, p 33—Detailed description 
of how Freon vapor, in conjunction with electric heater and 
cooling coils, actuates large valve mechanism. Entire unit 
is self-contained. 

Automatic Temperature Control, Sep '56, p 179—-Explains 
operating characteristics of simple thermostats, including 
bimetal (tube-and-strut version) and bellows 

Saving Space with the Liquid Spring, Aug 17 '59, p 53 
Shows how characteristics of silicone oil—including 
thermal coefficient of expansion—influence design of high 
force liquid springs. The thermal expansion is useful in 
thermostats, but troublesome in liquid springs 
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A MESSAGE TO AMERICAN 


INDUSTRY © ONE OF A SERIES 


Employee Gift Matching 


Another Good Way To Help 
ur Colleges And Universities 


The business community continues to make an im- 
pressive record in giving badly needed financial help 
to our colleges and universities. This year the Council 
for Financial Aid to Education expects that business 
contributions to higher education will be well over four 
times their total of about $40 million a decade ago. 

If these contributions, which were about $150 mil- 
lion last year, continue to increase at the present rate, 
they will hit the target of $500 million set for business 
aid to our colleges and universities in 1970. This is the 
amount which, the Council calculates, must come from 
business if these institutions are to have the money to 


do their job properly a de ade hen e. 


However, it would be a fine thing both for the nation 
and the business community if that $500 million dollar 
target were hit well before 1970. This would put us 
ahead of a schedule (it is a conservative schedule) in 
getting on top of what remains one of the nation’s most 
crucial problems—that of having its colleges and uni- 
versities adequately financed which they are very far 
from being right now. 

There is, we believe, one quite simple way by 
which financial support for higher education by 
business firms might be considerably speeded 
up. All that is required is that business firms 
generally abandon the idea that it is possible for 
every company to have a program to provide 
such support that is novel and distinctive, and 
that this is the only way that interests of prestige and 
good public relations can be served. 


There are nowhere near enough good plans to pro- 
vide financial help for higher education to equip even 
a small percentage of our business firms with one that 
is novel and distinctive. Also there are a number of 
very good plans which, so far as we can tell, lose 
nothing of their value for prestige and good 
public relations by being used by a large num- 
ber of companies. 
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The Gift Matching Idea 


One plan with these attractive characteristics is the 
plan by which companies match the gifts of their em- 
ployees to colleges and universities, and now increas- 
ingly gifts to independent secondary schools. So far as 
we can discover the general plan was invented by the 
General Electric Company, with what it calls its Cor- 
porate Alumnus Program. Now, with variations on the 
same basic design, almost 100 companies have gift 
matching plans. We at McGraw-Hill are included in 
this number. 


The gift matching plans vary considerably in de- 
tail. Some are limited to alumni of the schools to be 
benefited. In others any employee can participate by 
making a gift to an eligible institution, There are also 
variations in the maximum amounts of gifts by indi- 
viduals and to individual institutions which will be 
matched. Some companies have “open end” plans; 
others limit the total to be matched in any one year. 
All of the plans, however, embody the same central gift 
matching idea. 

When the plan was first launched some college ad- 
ministrators of little faith in the fundamental gen- 
erosity of the alumni and friends of their schools ex 
pressed the fear that if gifts were to be matched they 
might be made smaller in the first place. The opposing 
view was that the possibility of having them matched 


would stimulate more and larger gifts. 


Advantages Of Gift Matching 


So far as we have been able to discover, the 
expectation that giving would be stimulated by 
gift matching has been validated by the experi- 
ence with the plans. This has been our experience 
at McGraw-Hill. Some other important virtues of the 
gift matching programs have been summarized by 








LEADERS OF SOME OF THE INSTITUTIONS 
WHICH HAVE SHARED IN THE McGRAW-HILL EMPLOYEE 
GIFT MATCHING PROGRAM EXPRESS THEIR VIEWS 


“We particularly appreciate the fact that your grant ts 

unrestricted, and can therefore be used jor our area of 

greatest continuing need — the General Education Fund, 
from which faculty salaries come.” 

W. Boyp ALEXxANnper, Vice President and 

Dean of the Faculty 

Antioch College 


“We are grateful, not only for the financial support given 

to The Cooper Union by your company, but also for the 

stimulus it has provided our alumni in your employ to 
make annual gi/ts to their Alma Mater.” 

Epwin S. Burpe.t, President 

The Cooper Union 








“The gift matching program has a dual advantage. First, 
it acknowledges and repays a debt of honor to those col 
leges which, often at great loss to themselves, have trained 
and educated the men who are now among your personnel. 
This is most fair and equitable. Secondly, by offering to 
match up to a given limit the contributions of alumni, 
you encourage support of their own colleges on the part o/ 
graduates, who themselves are so indebted.” 


President Epwarp B. Bunn, S. J. 
Georgetown University 


“Thanks to your doubling of the annual gifts of one of 
our generous and loyal friends who works with you at 
McGraw-Hill, we are well on the way toward creating 
what for us will be an extremely helpful scholarship fund 
This would not have been possible without the gift match- 
ing program.” 
C. Aprian Heaton, President 
California Baptist Theological Seminary 








Ernest T. Stewart, Executive Director of the American 
Alumni Council (1785 Massachusetts Avenue, N.W., 
Washington, D.C.) who would be glad to provide de- 
tailed information about them, and the names of com- 
panies having such plans. Of the gift matching idea 
he says, 

“First—it assures the corporation that its gifts go 

direct to those colleges and universities which 

have furnished it with trained manpower. 


“Second—it places responsibilities for the gifts on 
the institutions themselves and drives home the 
point that they must make a real effort with their 
own alumni. 


“Third—it leaves the final decision of corporate 
- 
support basically to the employees. 


For many companies which are fearful of compli- 
cating their relations with their customers by courting 
charges of favoritism if they provide direct financial 
support for any particular school or group of schools, 
this latter consideration can be of decisive importance. 


The gift matching plan also has what for many com- 
panies is the very important virtue of being simply aad 
easily administered. Some additional virtues of the 
gift matching plan, as seen by officers of institutions 
which have been beneficiaries, are indicated in the box 
at the top of this page. 


Effective And Easily Managed 


We at McGraw-Hill are well pleased with our gift 
matching program. It is a broad program in which all 
employees and a wide array of colleges and universi- 
ties, both privately and publicly supported, are eligible 
to participate. We commend it as an effective and 


easily managed plan to provide urgently needed finan- 
cial aid to higher education. 


We also urge that business firms adopt this or 
one of a number of other very good programs 
of financial aid to higher education* rather than 
delay in the hope of hitting upon some quite 
new and distinctive plan. There are very long 
odds that such delay will prove unavailing. In 
the meantime our colleges will be losing finan- 
cial help which it is profoundly in the interest 
of the business community and the nation to 
see that they get—and get fast. 


*An earlier editorial in this series dealt with tuition supple 
ments as another good way to help our colleges and universi 
ties. Reprints of this editorial are available. So are copies of a 
“more or less socratic dialog,” entitled, A Business Wrestling 
with the Problem of Aid to Colleges and Universities. 
It was prompted by the efforts of McGraw-Hill to find suitable 
methods of providing financial aid to higher education 





This message is one of a series prepared by the 
McGraw-Hill Department of Economics to help 
increase public knowledge and understanding 
of important nation-wide developments. Per- 
mission is freely extended to newspapers, 
groups or individuals to quote or reprint all 
or parts of the text. 


PRESIDENT 


McGRAW-HILL PUBLISHING COMPANY, INC. 
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SPRINGS: 
how to design for Variable Rate 


Eighteen diagrams show how stops, cams, linkages 
and other arrangements can vary the load/deflection 
ratio during extension or compression. 


JAMES F MACHEN, asst professor, mechanical engineering 
University of Toledo, Ohio 


DESIGN FILE 








O1 2 3 


WITH TAPERED-PITCH SPRINGS O.D. and pitch (2) combine to pro IN DUAL SPRINGS one 
(1), the number of effective coils duce similar effect except spring closes solid before the other 
changes with deflection—the coils with tapered O.D. will have shorter 

bottom” progressively Tapered solid height 





STOPS (4 
either compression 


springs 








t 


Adjustment 
Screws 





7 
LEAF SPRINGS (6, 7, 8) can be arranged so that their effective lengths change 
with deflection 
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NEW 20600 SERIES-SPST TYPES 


Whe re 
Product 
Re liab lity 


is Important 


... KLIXON’ DISC TYPE THERMOSTATS 
Give Your New Models Added Dependability That Keeps Customers Sold 


Actuated by the scientifically calibrated Spencer disc, 
KLIXON Fixed Temperature Thermostats “snap” the circuit 
open with a clean, quick break .. . “snap’’ it closed with a 
solid make. And because they have no complicated parts 
with knife edges or toggles, their accurate performance is 
unaffected by shock, vibration, altitude or cross ambients 
regardless of the mounting position. The result . . . depend- 
able day-in day-out performance that helps assure greater 
product reliability. 

KLIXON 20400 and 20600 series disc type Thermostats 
are ideal for application as fan switches 
and limit controls in electric clothes 
dryers, appliances, heating equipment, 
industrial and commercial apparatus. 
Their relatively small size makes them 


3807 NORTH MAIN STREET ° 


CIRCLE 82 ON READER SERVICE CARD 


suitable for use where space is limited. They have heavy duty 
electrical capacity . . . up to 25 amps., 120 and 240 VAC 
resistive U/L approved for 100,000 cycles. KLIXon dise type 
thermostats are available with bottom or surface mountings 
. . . Screw or quick connect terminals. 

These KLIXon Thermostats are available in automatic or 
manual reset types. Our Field Engineers will gladly help you 
make test applications. Write for technical data bulletins 
THSN-19, THSN-23, which g' ec complete performance char- 
acteristics, temperature setting information and dimensions. 


<~ TEXAS INSTRUMENTS 


INCORPORATED 
METALS & CONTROLS DIVISION 
VERSAILLES, KENTUCKY 


SPENCER PRODUCTS 


Commercial Controls Department 
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O Variable Rate 


9 

CAM-AND-SPRING DEVICE causes 
torque relationship to vary during 
rotation as moment arm changes 


LINKAGE-TYPE ARRANGEMENTS 


O 11, 12) are often used in instru 


ments where torque control or anti 


vibration suspension is required 


4-BAR MECHANISM in conjunction 
with a spring has a great variety of 
load/deflection characteristics 


O 
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Constont force 





10 

TORSION SPRING com- 
bined with variable-radius 
pulley gives constant force. 


y ~Jorsion 


Spring 


14 

MOLDED-RUBBER SPRING has de- 
flection characteristics that vary 
with its shape 


ARCHED LEAF-SPRING gives al 
most constant force when shaped 
ke the one illustrated 


16 
TAPERED MANDREL AND TORSION SPRING. Effective 
number of coils decreases with torsional deflection 


DESIGN FILE 
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IMPROVED GEAR 
ACCURACIES 
MEAN HIGHER 
SPEEDS, 

LESS WEAR 


With today’s demands 
speeds, problems or ser 
much more criti 
there is only one solution 
accurate gearing. Specifically 
delphia Gear Drives equipped witl 
cision ground gearing 
development is so signifh 
I an sol c drive proble 
uld never solve before 
get engineering ad 
uilable in stan 


rcial prices 


facturing tol 


exactly 
HI-SPEED 
lesigned fe peeds t 
at pitch line 


2000 HP Philadelphia HI-SPEED Increaser °°." 


Exact specifi 


drives man-made hurricane... natancle i 


! or information af 
Philadelphia HI-SPEED Increaser 
and aircraft models at supersonic speeds Offices in all principal cities 
write lirectly t 
demands exacting performance and extremes of endurance for all equipment ae - 


involved. At Cornell Aeronautical Laboratory, Inc., this 2000 HP Philadel PHILADELPHIA 

GEAR CORPORATION 
Operation is on a continuous, round-the 
clock basis often for extend 


phia Increaser drives a modified jet engine compressor for developing tunn 
I —_ 
King of Prussia, Pennsylvania 
led periods of time 


air speeds of 600 to 1500 n 
(Suburban Philadelphia) 


Wind tunnel testing of missile 


philadelphia gear drives 
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SIGNIFICANT COMPONENTS 
MATERIALS, PROCESSES 


Nonflammable enamel 
paints... 


based on a nonvolatil 
sin are available in a 
neral use on meta 


passed Nav 


Chey have 
i 


paint hims on stec 
ignited upon being hi trically 
S it which time temperature of 
F is reached. Key i t is chlor 
cid, which becomes ermanent 
rt of the chemical 


Continuous-slip clutches and brakes .. . ind does not adversels 
ire suitable for use as ten 


able for us ioning, clutching or braking and in servosystems, m ties of the coating 


1) 


ip is a stepped spring. ID of small step fits tightly s thinner and solver When dried 


mbled tightly in bor itp lru rtic: wet film, | ] 
in contact with input to g ig} than 1/64-in. sag. Paint 
plied th hot spray equipment Chloren 
dic acid is 45¢ per Ib in carload quantities 
FOB Niagara Falls. Eastern Chemical Div, 
Hooker Chemical Corp, Box 344, Niagara 

Falls, NY. 
Circle 302 on Reader Service Card 
Standard 
( Stock element il $18 

Z " | ! Machine Components Corp, Gassa Blvd, Farming 
dale, NY 


Circle 300 on Reader Service Card 


Self-aligning electrical 
connectors ... 


itilize two-ball and split-sleeve desig 
end of each contact pin mates wit! 
leeve socket that is loosely retained 
one of the balls, forming a 
Split-sleeve is compressed with 
prings, providing expansion 

tion of sleeve to allow entrance or 


drawal of mating ball pin regardies: 


alignment of pin or nnector. Connect 
may have any number of contacts of vari 
apacihes and in v conhgur: 


required for the particular purpos 

pins can be serted at any angle 
type connectors can be used. Con 
pins are available in 15 30., 75 


Pneumatic regulator “oe and 300-amp capacities. Any con 
1utomatically controls speed of variable-sp: Regulator operates from proces I t 


ECS im 0¢ ised in a 


instruments in to 15-psi sig range, obtain speeds that are varied, maintained or le connector. For sequence switching, 


repeated with signal pattern ulleys are available in ratings to 25 hp, in speed ranges long and short pins can be used in either 


to 10:1. Adds $3¢ » § 0 price of pulleys. 4-wk delivery. Lewellen Mfg Co, standard plugs or dead-front units. Pin 
Columbus, Ind. ength controls sequence. In tests, con 


Circle 301 on Reader Service Card nector is reported to have withstood being 
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MATERIALS « PROCESSES 


content d 





dropped 54 ft to pavement for 2000 times 
without major damage; vibration to 85 g; 
operation from —65 to 160 F at 0 to 
humidity, at pressures from 0 to 
Also withstands air, water, salt 
water, jet fuel, exhaust gases, oil and hy- 
draulic fluid. Plug and receptacle average 
about $350 in 74-in. size. Delivery, about 
2 wk. Cole Electric Co, 8439 Steller Dr, 

Culver City, Calif. 
Circle 303 on Reader Service Card 


00% 


I 


VU psia 


Differential pressure 
transmitters .. . 

originally designed for detecting liquid lev 
els in shipboard nuclear secondary plant 
instrumentation systems, are applicable for 
general flow and differential-pressure meas 
Units measur« 
difference in pressures between two points 


urement and transmission. 


in fluid system and transmit information 
as electrical output, which can be used di 
rectly for indication and/or control with 
available industrial instruments. Standard 
model measures differential pressure from 
0 to 80 in. water directly. Span can be ad 
justed to provide full output signal over 
upper 30% of this range. Electrical out 
put over range of differential 
varies from 0 to 1 milliamp de into 75( 
ohm load. Self-contained regulator and d« 
modulator maintain linearity despite varia 
excitation voltage. About $1000 
Delivery, 4-5 mo. Consolidated Controls 
Corp, Bethel, Conn. 

Circle 304 on Reader Service Card 


pressure 5 


tons in 


Infinite-range speed control . . . 
is provided by air signals, varying from 3 to 
15 psi, producing linear speed variation 
from any desired max speed to zero. Speed 
may be set by manual air valve or auto 


86 


matically by signal generated by variety of 
pneumatic transducers. Control incorpo 
rates pinion driven by rack mounted on 
piston of pneumatic actuator. Pinion shaft 
carries steel cam, cut so that equal changes 
in air-pressure signal will produce equal 
changes in speed. Because transmission is 
form of differential, overload protection 
afforded, since there is small change in 
speed of traction members in event of a 
jam. Delivery, 3-4 wk. Graham Transmis 
sions Inc, Menomonee Falls, Wis. 


Circle 305 on Reader Service Card 


Copper-nickel-silicon alloy . . . 
is said to offer high tensile strength 
000 psi min), high yield strength (7( 
psi min at 0.50% extension under load 
30-42% LACS 
as heat treated), high corrosion resistance 


high electrical conductivity 


and excellent cold-forming characteristics 
before hardening heat treatment. Intended 
for applications where its combination of 
physical, mechanical and fabrication prop 
erties is needed, such as in electrical equip 
ment. Compared with free-cutting bras 
rod at 100, its machinability rating is about 
40. Alloy has density of about 0.322 Ib 
and its coefhicient of thermal 
expansion per degree F from 68 to 572 F 
is about 0.000,009,8 


per cu in 


Made in round rod, 
with or without final precipitation-harden 
ing heat treatment, in straight lengths in 
cluding 3/16 to 1 in. dia and coils includ 
ing 3 Delivery, about 2-3 wk 
American Brass Co, Waterbury, Conn. 
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to é in. dia 


Low-resistance 
photoconductive cells . . . 

hermetically sealed in glass are rated at 
60 v max with resistance as low as 40 ohm 
at 100 ft 
types, five of cadmium selenide variety and 
two of cadmium sulphide 


Standard line consists of seven 


Provide vf hoice 
of resistance, speed and spectral respons¢ 
Units offer power dissipation range to 4 w 
continuous and high ratios of light to dark 
current even at low light levels. Available 
in three-package configurations of 400, 500 
and 600 series, ranging from 0.25 to 0.5 


in. dia and from 0.5 to 1 in. long. Priced 
from $1.15 to $4, depending upon quan 
tity. Clairex Corp, 19 W 26th St, New 
York 10. 

Circle 307 on Reader Service Card 


Industrial, 2-cycle gas engines 
ire offered in power ranges from 4 to | hp, 
latter 
ompression ratio and use. Engines ar 
o run equally well in any 


being intermittent, depending 


id t attitude and 
ire immune to ordinary acceleration f 
Supplied with round fuel tank on br 

n the side or an upright engine-n 

ase tank throttle 
iid to maintain very near 


sensitive governor! 
constant load 
ind no-load rpm. Carburetor is diaphragm 
tvpe, with throttle arm arranged to over 
me governor through Bowden control 
for idling purposes. Choke has choke, half 
ind open positions. Fuel metering is 
through single jet. Governor is factory-set 
it 6300 rpm. Cylinder displacement 
26 cu in. Engine measures 5 
ind weighs 34 lb without tank, 
tank. Available in integral 
vith shaft speeds of 3200, 17 
rpm, with 4-in. shaft extensions ! 
larly suited for use with hand-held tools 
ind appliances. Ohlsson & Rice Inc, 3340 
Emery St, Los Angeles. 


Circle 308 on Reader Service Card 


Insulating material . . . 

ncorporates synthetic resins to give it tw 
to four times moisture resistance of con 
ventional vulcanized fiber. Also maintains 
electrical 


trength of vulcanized fiber 


properties and mechanical 
UL-approved 
for sole support of current-carrying parts 
ip to 302 F. Can be drawn or formed 
into permanent shapes Available in 0.004 
in. to $-in-thick sheets; 48 in. 
72 in. long. Suitable as circuit-breaker bar 
riers, wiring devices, electrical-fixture in 


wide and 


continued or 
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TORRINGTON 
Spherical Roller Bearings 
Offer 


se 


IN TORRINGTON SPHERICALS. ... een 
NO COMPROMISE WITH QUALITY | |“""" 


* integral cente 


, ; _ : : : ‘ bility 

The spherical design concept of Torrington Spherical Roller Bearings means superior sal 

performance and outstanding service life under the toughest operating conditions © peste rote 

It means inherent self-alignment, high radial and thrust load capacity, low friction * land-riding brona 

It allows compensation within the bearing for both dynamic and static misalignment . 
I g ) f 


Roller guidance is positive and accurate...is assured by 


moximun 


capacity 


grinding roller ends and 


center guide flange surfaces to a common spherical radius. Results are truer rolling 


motion, minimum friction and higher degree of geometric stability. Bearing opera 
tion is cooler, quieter, smoother. 

If you're looking for outstanding bearing performance and bearing value, you 
should specify Torrington Spherical Roller Bearings. Backed by Torrington’s un- 
compromising experience in engineering and manufacturing every basic type of vermmnpren Sphorteal Relies 


’ Nee . ’ : Bearing Catalog * 258 
anti-friction bearing, their quality is unmatched. 


send for new 


progress through pr TORRINGTON BEARINGS 
THE TORRINGTON COMPANY South Bend 21, Indiana 
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"FAIRFIELD 
GEARS 


GEARS to match the speed, size, and 
power of modern machines are a 
Fairfield specialty. This is possible 
because Fairfield is a leader in utilizing 
the most advanced methods, machines, 
and techniques for producing better 
gears. By specializing exclusively in 
“Fine Gears Made to Order”, Fairfield 
has become one of America’s largest 
independent producers of these parts. 


If you use gears in the product you 
make, we believe it will pay you, as it 
has others, to become acquainted with 
FAIRFIELD—the place where fine 
gears are produced to meet your 
specifications EFFICIENTLY, ECO- 
NOMICALLY! Fairfield’s production 
facilities are unexcelled. Call or Write. 


FAIRFIELD MANUFACTURING 


CO., INC. 


2305 Sovth Concord Road * Lafayette, Indiana | 


TELEPHONE: 2-7353 


A “PLUS VALUE” IN ANY PRODUC ‘o} 





Gears and Differentials Cue] 


TRACTORS * HEAVY DUTY TRUCKS « AGRICULTURAL MACHINERY * POWER SHOVELS AND CRANES 
MINING MACHINES * ROAD GRADERS © BUSES © STREET SWEEPERS * INDUSTRIAL LIFT TRUCKS 





Ce to Order for: 
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sulation, instruments and control panels 
and magnetic coil heads. National Vul 
canized Fibre Co, 1060 Beech St, Wil- 
mington 99, Del. 


Circle 309 on Reader Service Card 


4-figure electric counters . . . 
ire available for base, top or panel mount 
Reported to operat 
min. Stand 


ing with panel plate 
it speeds up to 600 counts per 
rd models operate on 115 v ac. Operation 

ised upon an escapement drir 

m. Driving parts are nylon 

ia} hardened stainless steel drive shaft 
itable for all types of business 
ry, vending machines and packaging ma 
iinery. Priced at $14. Durant Mfg Co, 

1938 N Buffum St, Milwaukee 1. 
Circle 310 on Reader Service Card 


machin 


- 
7 = 


Extruded acrylic lenses . 
in smal] to medium for 
magnification are now availabl 
lenses are said to be more econom: 
in equivalent molded one (tooling 
to $300) and can be supplied in any gth 
without additional tooling. Anchor Plas 
tics Co, 36-36 36th St, Long Island City 
6, NY. 

Circle 311 on Reader Service Card 


Stock circuit cards . . . 
that can be prefabricated and adapt 
different circuit requirements contain 


versal etched pattern, which can be modi 


continued on page 91 
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No. M-9 
in a series 


- MECHANICAL 
DESIGN 
Hose Lined 
with TEFLON 











Hose lined with TEFLON” provides economical solution 
to the most difficult fluid-handling problems 


In any fluid-handling service involving such problems as tem- 


perature extremes... threat of corrosion . . . continuous flex- 


ing, torque or vibration . high pressures . . . adhesion of 
sticky substances, the use of hose lined with TEFLON TFI 
fluorocarbon resins provides a uniquely effective solution 
Such hose can give longer life and better performance, cut 
replacement and maintenance expenses, prevent costly down 
time, and in fact do jobs for which conventional hose could 
not have been considered. 

TEFLON resins are inert to virtually every chemical and sol 


vent. The TFE resins are rated for continuous use up to 500° I 


Hose lined with TEFLON also offers long flex life, easy cleana 
bility and unique anti-stick properties. With reinforcing, serv 
ice pressures up to 6,000 psi are being achieved 

4 wide selection of industrial hose constructions with liners 
of TEFLON TFE resins is now available to meet your needs 
In addition to the wire braided reinforcement and a variety of 
industrial couplings, there are elastomer coverings, fiber braids 
and convoluted liners of TEFLON for extra flexibility 

On the following page you will find some examples of the 
cost-cutting advantages made possible by hose lined with 


TEFLON TFE fluorocarbon resins. 


Hose lined with TEFLON’ offers high heat resistance 
long flex life... unsurpassed durability 














HEAT RESISTANCE: Hose is in alternate 350°F 


steam and cold water service on this plastics 


HEAT RESISTANCE: Steam press used in the LONG FLEX LIFE: Cleaners and garment manu 


manufacture of battery casings relies on hose 


facturers are now using hose lined with TEFLON 


platen press. Prior to the use of hose lined witt 
TEFLON, scale formation plugged the hose in a 
nths. After 5 years, seven hoses 


lined with TEFLON to withstand tough operating fluorocarb resins carrying steam 
onditions. Eight hoses are used in each of the f ‘ yne of 1 nits 3 

steam presses, which have 
a TEFLON TFE resin were still un three years witt 


perated more thar 
ut a hose failure. Hos for 
i and unplugged merly used were replace 


c's 


Zl 
<<a 


every few n 


\ <= 


LONG FLEX LIFE: At this plant, rubber hoses or 
metal pigtails lasted 3 months at best, loading 
helium, nitrous oxide, and carbon dioxide into 
cylinders. Hoses lined with TEFLON show mm 
deterioration after 16 months. Reduced stiffen 
ing and frosting at the 0°F. loading temperature 
mproved the weighing accuracy 


DURABILITY: Hose lined with TEFLON TFE resin DURABILITY: Fue! header of a locomotive uses 
helped adapt this standard roller coater ma 12 feet of hose lined with TEFLON to carry fuel 
chine to corrosive high-temperature service. To to the injector pumps. These fuel lines have 
suit customers’ needs, the hose had to handle demonstrated exceptional durability in service 
heat transfer oil at up to 400°F. Hose lined witt They have been installed on 5 locomotives, and 
a TEFLON TFE resin provided the necessary re 


be put on all locomotives as they come ir 
sistance to heat and solvents 


verhauled 


TEFLON 


FLUOROCARBON 


FOR MORE INFORMATION about reliable hose installations 
and the design properties of Du Pont TEFLON resins that make 
possible this superior hose performance, consult your hose sup- 
plier or write to: E. I. du Pont de Nemours & Co. (Inc.), Poly 
chemicals Department T-36711, Room 2526, Nemours Building, 
Wilmington 98, Delaware 


RESINS 
Teron is Du Pont’s registered trademark for its famil f 
including TFE (tetrafluoroethylene) 
In Canada: Du Pont of Canada Limited, P.O. Box 660, Mont- resins and FEP( fluorinated ethylene propylene) resin 
real, Quebec. 


fluorocarbon resin 
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fied by interconnections to form any de- 
sired circuit function. Particularly adaptable 
to short-run and prototype production, 
where Jead time between design and ac- 
tual start of production is usually excessive 
Production is divided into preassembly 
stage, which takes place before logical de 
sign of computer has been firmed, and 
working out of interconnections of indi 
vidual modules to provide proper circuits 
Because etched circuitry is carried through 
from base plug of each card to top of card 
where duplicate connector is provided, 
card can be connected to test instrument 
while it is plugged into computer or equip 
ment. Librascope Div, General Precision 
Inc, Glendale, Calif. 

Circle 312 on Reader Service Card 


Differential speed reducers . . . 


in seven horizontal motorized models, with 
l.1l:1 to 
81.51 hp, offer max output torque range 
of 50 to 113,000 in.-lb 


gear planetary clement automatically equal 


19 


ratios from 50.000:1. te 


Unified helical 


izes load distribution through planetary 
Uni 


ushion 


gears by means of floating principle 
fied planetary element rides on 
of oil between planetary and internal gear 
teeth. Reducers fit any standard C-flangc 
motor and over-all dimensions of individ 
ual models never vary, regardless of reduc 
ratio. Units no bed plate 
Winsmith Inc, 23 Eaton St, Springville, 
Erie County, NY. 

Circle 313 on Reader Service Card 


ton require 


Ultrahigh-strength steel . . . 
originally developed for missile motor cases 
is now available for general industrial us¢ 
The cobalt-modified, low-alloy construc 
tional steel is reported to have two to three 
times the strength of normal construction 
steels and yet can be readily fabricated 
by rolling, forming, deep drawing, weld 
ing and machining. Sustains multi-axial 
loading and is said to be highly insensitive 
to weaknesses created by notches, cracks 
and head treatment. Available in all stand 
ard mill forms. In tests, alloy has with 
stood 280,000 psi burst pressure. Scaife 
Co, 126 Ann St, Oakmont, Penna. 
Circle 314 on Reader Service Card 


eontinued on page 94 
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Counterbalance Without Mass 
USING A NEG’‘ATOR* SPRING 





Wind a NEG’ATOR constant-tension 
spring around a drum, then reverse- 
bend and wind the free end around 
a larger drum and you have a pow 
erful, constant-torque motor 

Used as an internal counterbal 
ance, for example, a NEG ATOR motor 
offers unusual advantages over any 
other type of mechanism. Because 
it weighs only a small fraction of the 
force it exerts, this mechanical motor 
offers spectacular savings in over- 
all weight and permits greatly sim- 
plified designs. Complete freedom 
is obtained in mounting and loca- 
tion. Working space becomes avail 
able. Massive external dead weights 
tracks, guides, tubes, and complex 
linkages are eliminated 

The simplified illustration above 
resembles an actual application 
where a single NEG’‘ATOR motor with 


*NEG’ATORS is a? 
Hunter Spring Company 


gistered trade mark of 


three cables on an output drum reel 
provides exactly balanced suspen- 
sion of a 36 lb. aircraft gyro amp- 
lifier. Only a NEG’ATOR could per 
form this operation because of crit- 
ical space and weight limitations 
The gyro amplifier can be lowered 
as far as necessary below the fuse 
lage for routine servicing. The en- 
tire counterbalancing unit, includ- 
ing NEG’‘ATOR, storage and output 
bushings, cable drum and fittings, 
occupies a space of only 8'4 in. x 5 
in. x 2% in. 

This is just one of many such 
cases where NEG’ATORS in extension 
spring or motor form have provided 
internal counterbalancing for float- 
ing or assisting. Other such appli- 
cations and details on NEG ATOR 
springs are described in Bulletin 
310N. Send for your copy 





THE HUNTER 





HUNTER SPRING COMPANY 


A Division of American Machine and Metals, Inc. 


5 Spring 


SPRINGS. 


STAMPINGS 


Avenue, Lansdale, Pennsylvania 


QUALITY CONTROL EQUIPMENT 
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NODULAR LAMINATED BRAZING STEEL ADAPTER 
CASTING FILLER TYP. LINER 


/ 


i 


SHELL COPPER CONE 








The four components of the nose assembly — nodular iron casting; low-carbon welded steel 
canister which measures 34” long, 1512" diameter at one end and 1734" at the other; 
spun copper cone and low-carbon steel ring. The thinner rings are Easy-Flo 45 wire 
braided for precise alloy position and control. 


Martin Develops 
New Induction Heating Methods 
to Braze Lacrosse Missile Assembl ly 


With KASY-FLO 45 


One of the largest assemblies yet brazed by induction-heating techniques is a 

section of the Lacrosse missile being manufactured at The Martin Company’s 

Baltimore Division. During development, one problem was posed by the 

variety of metals used. First it was necessary to braze a low-carbon 

welded steel canister and nodular iron casting. Then, to complete 

the assembly, a spun copper cone and low-carbon steel ring were 

joined to the canister. An induction coil was designed by Martin 

to accomplish this critical operation. Temperatures had to be 

restricted between 1300 and 1350°F to prevent a transforma- 

tion change to the crystalline structure of the nodular iron. 

Martin’s Materials Engineering Laboratory made careful 

examinations of this assembly and found that Handy & 

Harman Easy-Flo 45 Silver Brazing Alloy and B-1 Flux 

make possible the strong, uniform joints necessary to meet 

the stringent requirements the Company has set. Its low- 

working temperature, high strength, fast penetration and 

flow characteristics are only a few of the features which make this brazing 
alloy ideal. 

More and more aircraft and missile components are being made with the aid 

of Handy & Harman silver brazing alloys and flux. The products described 

here are just two of the many available to help solve your problems...make 


your job easier and quicker. For a more complete picture of silver brazing 


and the advantages it offers you, write for your free copy of Bulletin 20. 


Your No. 1 Source of Supply and Authority on Brazing Alloys 


HANDY & HARMAN 


General Offices: 82 Fulton Street, New York 38, N. Y. 
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NEW 
TOPMASTER BRAKE 


OFFERS THESE 3 BIG EXTRAS! 


ANOTHER 
ROCKWELL-STANDARD 


“Fail-Safe” Units ... now available © Lightweight and compact . . . no 
for air actuated Stopmaster Brakes. installation problems, no cables or 
® Prevents runaway vehicles due to —*Pecial brackets required. 
loss of air, when in operation or ® Provides mechanical parking brake 
. eliminates need for prop-shaft 
* Positive mechanical operation . brake. 


a Stopmaster can be installed to operate from © Brakes easily released . . . without 
bs sa the dash control valve or automatically, oir pressure. 





or both ways if desired. 


Automatic Brake Adjustment . . . available on Lubrication Eliminated. All actuating parts 
all Stopmaster Brake sizes for trucks, trailers, and are sealed in lubricant. Standard on all 
off-highway vehicles. models. 


® Eliminates periodic manual adjustment. ® Prevents oil-soaked linings due to over 


© Cuts expensive maintenance costs. lubricating. 


® Brake maintains proper adjustment during * Moving parts last longer. 


entire lining life. ® Reduces friction. 





® Safer operation at all times. ® Completely sealed unit reduces effect 
of elements. 


Yisher rod. ROCKWELL-STANDARD sR, 


CORPORATION 


Brake Division, ya¥— aha-toleli- am @lalle) 
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LONG LIFE, THOMSON ‘‘Snap-In"’ 
Gia 8 we 





























L hail L 





Low Cost Low Cost Low Cost 
FLANGED Nyline: SLEEVE Nyliner DOUBLE-FLANGE Nyliner 


OST LESS to BUY 
COST LESS to INSTALL 
& ELIMINATE LUBRICATION 


Additional Benefits: 


@ CLOSE FIT © LOW, FRICTION @ INSTANTLY REPLACEABLE 
© LONGER LIFE ® RESIST POUNDOUT ® RESIST ABRASION 

@ EASILY INSTALLED ®-NO FRICTION OXIDATION © MINIMUM SPACE 

@ LESS SERVICING © DAMP VIBRATION © SILENT OPERATION , 
© SELF-RETAINING ® OPERATE IN LIQUIDS © LIGHTEST WEIGHT 

@ RESIST CORROSION © NON-CONTAMINATING e REDUCED WEAR 


Engineered to Solve Problems .. . Improve Products . . . 
Reduce Costs! 


NYLINER Bearings are a highly engines d thin liner of DuPont Nylon, desiaqned 
to bring bearing users the many | rit f Ny n ¢ fem olole lalate Maile hisialel mek, 
ing n st of the SaTLiehitela, P rr nd ’ , P Th P noensat 40 lala! 
ciple assures maintenance of diametral tolerances for precision applicat 
Seven Standard Types available fron t k. Write for teratur ind name of 
sur local representative who stocks NY'!NER Bearings for immed 

%* NDUSTRIES, I. 

~/4 \. THOMSON I U , Inc. 





IRS) err. mannasser, new york 


Ne > —Manufacturers of BALL BUSHINGS ... the Ball Bearing for Linear 


Motions and 60 CASE Hardened & Ground Steel Shaftin 
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3 low-voltage de motors . . . 
lal for general use ma t 
h ut radi 
offered includ 
nd or series type I pci 
’ M frame size 463¢ 
2 or 24 v de; + hp 
v de; and 4 hp 361 
Each motor has 54-in. fram 
veighs about 14.5 Ib Mot are 


in totally enclosed nonventilated or totally 


enclosed fan-cooled cast aluminum ho 
ing and are equipped with ballbearings 
Universal Motor Div, Robbins & Myers 
Inc, Springfield, Ohio. 
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Multiple seiector valve . . . 
is § tion, manually operated 
hydra ircuits. Spherical rotor d 


pen 


; 
} m 


ts selection of flow from any « 
ources or directs one flow to on¢ 

uits. Built for 0 to 60 
pressure and 10,000 psi proof | 
Valve has rated flow capacity of | 
Standard valves are available with 
NPTF and 4 in. SAE port Sarasota 
Precision Products Inc, 5757 McIntosh 
Rd, Sarasota, Fla. 


Circle 316 on Reader Service Card 


Dry-air pump... 


; said to increase airflow by 
ble in three models, with an 
seals in iron construction 
positive-displacement 
livers dry air for either pressure 
jum applications Four carbon-alloy pump 
vanes in rotor are self-lubricating and are 
seated by centrifugal force delivering con 
tinuous airflow. Reported to be manufa 


continued on page 95 
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SILICONE NEWS from Dow Corning 


ilicones Soak Up Shock 


Dow Corning Damping Fluids 
Unaffected by Cold, Heat, Time 


“Steady-state” fluids — that’s what some engineers call these exceptionally 
stable damping media. And steady they are. Their useful range extends 
from as low as —100F on the cold side to over 400 F on the hot side! 
Within these extremes, viscosity varies but little. They're resistant to oxi- 
dation and to breakdown under shear; won’t sludge; won’t corrode metals. 
Because of such properties, silicone fluids are highly effective media for 
damping, springing and torque converting. 


Illustrated above is one example. It’s a Radar Antenna Buffer, designed 
and built by Houdaille Industries, Buffalo, N. Y. Radar equipped with 
this unit, “Has silicone; won’t over-travel.” For that’s where the buffering 
comes in. When the antenna swings to its travel limit, something must 
give, or the structure may be shock-damaged. What “gives” is the Buffer, 
and the working medium is Dow Corning silicone fluid. Because the 
damping fluid’s viscosity is unaltered by temperature changes, perform- 
ance of the Buffer varies less than 1% per 100 Fahrenheit degrees. That's 
important, because installations of ballistic missile early warning radar, 
which use the Buffer, may vary from tropic to Arctic. 


Your nearest Dow Corning office is the 
number one source for information 
and technical service on silicones. 


CONE FLUID 


This is but one of many designs where 
silicone fluids have aided the product engi- 
neer. Others include auto fan drives, 
aircraft oleo struts, missile accelerometers, 
and truck scales. If in your design you 
require a high performance damping or 
coupling fluid, investigate Dow Corning 
Silicones . . . the fluids with “steady-state” 
viscosity. Write to Dept. 7207 for more 
detailed information. 


TYPICAL PROPERTIES OF DOW CORNING 200 FLUID* 





Centi- 
stokes 
at 25C 


Coeff. of 
Expansion 
ec/ee/°C 


Pour 
Point, *F 


Vise /temp.' 


Coefficient | 





0.57 
0.59 
0.60 
0.62 
0.62 
0.58 


10 —85 

50 —67 
100 —67 
500 | —58 
1,000 —58 
12,500 —51 


0.00108 
0.00104 
0.00096 
0.00096 
0.00096 
0.00096 

















*Available in a range of viscosities to over a million 
centistokes 210 F 
Viscosity at 2 


. Suc Ld 
Viscosity at 100 F 


Dow Corning CORPORATION 
MIDLAND. MICHIGAN 


ATLANTA BOSTON CHICAGO CLEVELAND DALLAS LOS ANGELES NEW YORK WASHINGTON. ©. Cc. 
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Everyone concerned with temperature control will 
want to read this new Fenwal Bulletin, “Smarter 
Looking — Smarter Acting Electronic Temperature 
Controllers and Indicators.” 

These modern transistorized instruments with ther- 
mistor sensors can be more precisely matched to re- 
quirements over a range from — 50 to +600°F. Their 
many interchangeable, optional features let you order 
exactly what you need. And you can combine instru- 
ments ... “build” to your specifications. 

Here are just a few possibilities: single-point control 
... 8ingle-point control and indication . . . indication of 

. up to ten controlled temperatures . .. ON-OFF or pro- 
6é Wait / portioning . . . indicating or non-indicating . . . set- 
° point adjustment at instrument or remote...expanded 
- 9 scales for fine temperature adjustment .. . and many 
IT need 1t too! more. Ratings up to 10 amp/110 VAC. Each instru- 
. ment is professionally styled to perfectly complement 
modern industrial machines or interiors. And, best of 
all, Fenwal design keeps costs reasonable. 

Get your copy of “Smarter Looking — Smarter Act- 
ing.” Then get the benefits of this versatile new instru- 
ment family. Write FENWAL INCORPORATED, 28 
Pleasant Street, Ashland, Mass. 


Another 
example of how CONTROLS TEMPERATURE... PRECISELY 
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ome Woven Node 


vam Bonded Node 


a new high in high temperature structural core material 


H. Il. THOMPSON FIBER GLASS CO. ( : 
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FREE 
DATA FILES 


on the complete 


Allied Research 
Line for Metal Finishing 


PROCESSES AND PRODUCTS FOR 
CORROSION PROTECTION, PAINT 
BASE, DECORATIVE FINISHING 


A complete line including IRIDITE 
Chromate Conversion Coatings for 
non-ferrous metals, IRILAC Clear 
Protective Coatings for all metals, 
ISOBRITE Chemically Different 
Plating Brighteners and ARP Process 
Chemicals. 

If one of our present products does not 
meet your needs, we'll be glad to work 
with you to find an answer to your 
problem. 


EQUIPMENT AND COMPLETE 
FINISHING SYSTEMS 


Includes information on WAGNER 
Silicon and Selenium Rectifiers, 
WAGNER Auto-Loaders for transfer 
of racks and parts from conveyors to 
plating machines or between conveyors, 
Automatic and Semi-Automatic Plat- 
ing Machines, Barrels, Tanks and 
other equipment. 


Also includes information on Process 
Engineering Service—complete plant 
design, specification and installation. 


CHEMICALS AND SUPPLIES 


Price and delivery information on a 
wide variety of plating room 
necessities, including ROLL-TOP Zinc 
anodes, FLAT-TOP copper anodes, 
ELECTROCOP Flat Copper anodes, 
Cadmium and Tin Anodes, Acid 
Replacements, Buffs, Chemicals, 
Cleaners and Maintenance Materials. 


NICKEL RECASTING SERVICE 


Ask about our Subscription Plan which 

combines your new nickel purchases 

with a service to recast your butts and WRITE DIRECT... 

spears, resulting in substantial savings. for your copies of these 
FREE DATA FILES, oF 
contact your Allied Field 
Engineer. He's listed in the 
yellow pages under 
“Plating Supplies”. 


Allied Research Products, Inc. 


4004-06 EAST MONUMENT STREET « BALTIMORE 5, MARYLAND 
BRANCH PLANT, 400 MIDLAND AVENUE «© DETROIT 3, MICHIGAN 
Weet Coast \consee for Process Chemicals | H Butcher Co 
Furepeen Agent Sture Gronberge: Storgotor 10 Stackholm, Sweder 
Chemicol and Electrochemico! Processes, Anodes, Rectiters, Equpmen ond Supphes for Moto! Fimshung 
COD*| CID*| "| €B*| CD 
Coatings Brighteners Supplies 


Chrometes Equipment 
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tured to close tolerances and to permit 
interchangeability of parts. Develops pres- 
sures up to 15 psi continuous and vacuum 
to 20 in. Hg continuous and 24 in. Hg 
intermittent. Dry air can be two-staged 
for pressures up to 35 psi. M-D Blowers 
Inc, 100 4th St, Racine, Wis. 

Circle 317 on Reader Service Card 


Cylinder-operated valves .. . 
in sizes up to 14 in. ID are available in a 
space-saving design. Cylinders have been 
changed from pivot mount to nose mount, 
which eliminates bulky pivot beam. Can 
be installed in any position for automatic 
sequence or multiple-valve operation. Pneu- 
matically or hydraulically operated cylin 
ders can be adjusted to operate at any de- 
sired speed and to control process flows 
with straight-through, disk-type valve. Re- 
mote control by. electrical or mechanical 
means is possible for hazardous or hard- 
to-reach locations. Available for 4-, 3-, 
1- and 14-in. valve sizes and furnished in 
bronze, steel, stainless steel and iron-body 
construction. Everlasting Valve Co, 49 
Fisk St, Jersey City 5, NJ. 

Circle 318 on Reader Service Card 


Center-flange bearings . . . 
for heavy-duty service are self-aligning 
I'hree basic sizes carry either pressed-steel 
or cast-iron sleeve-type bearing-ball units 
All standard shaft sizes from 4 to 13 in. are 
available, with choice of oil or grease lubri 
cation. Mountings are made from 1 }3-ga 
steel. Interchangeable with ballbearing 
flange units. Bolt holes can be varied in 
size, shape, number or location. Triangle 
Mfg Co, Oshkosh, Wis. 

Circle 319 on Reader Service Card 


Fiberglass machine mount. . . 
isolates vibration and eliminates need to 
lag-down machinery. Mount is said not 
to creep, permitting use of mobile rather 
than permanently installed machinery. 
Mounts are used where built-in level con 
trol is mot required. Previous model is 
equipped with built-in level control. Both 

continued on page 102 
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HANNA 
OSL 
VALVES 





ty 





Hydraulic pressure 
to 1000 psi 

Sizes 4", %e", 

Ye", %” 
Temperatures 

to 250°F 


Air, Oil, water 
operction to 250 psi 
Sizes %", %", 

Vv", Me" 
Temperatures 

to 250°F 


OTHER HANNA VALVES 
include solenoid, pilot, hand 
and foot operated types 


FOR AIR « OIL ¢ WATER ¢ OTHER FLUIDS 


| apap cylinder speeds or controlling fluid flow of air, oil 
or water is so simple with Hanna Flo-Set Valves . . . you need 
only turn the valve body one revolution to adjust from zero to 
full pipe capacity. Micrometer-type graduations are numbered to 
indicate the percentage of pipe capacity. Once set, the position 
can be locked to avoid accidental change. Future resetting to a 
predetermined flow requires no guesswork. 

Hanna Flo-Set Valves allow full flow in one direction—con- 
trolled flow in the opposite. Used in pairs, they regulate independ- 
ently cylinder instroke and outstroke speeds. Hanna Flo-Set 
Valves assure uniform speed, smoother action and improved per- 
formance of cushioned and non-cushioned cylinders. 

Valve sizes are 4”, %”, 4%”, and %” ...a %” Jr. model, without 
graduations or locking collar, is available for light piping 
and tubing. 

Whatever your problem of precision fluid control may be—you 
will find the best answer in Hanna Flo-Set Valves—designed, built 
and guaranteed by Hanna’s 50 years of experience in hydraulics 
and pneumatics. 


WRITE FOR LITERATURE AND COMPLETE DETAILS, 
or consult your classified telephone directory or Thomas’ 
Register for your nearest Hanna representative. 


1763 Elston Avenue Chicago 22, IMinols 


( baa ) HYDRAULIC AND PNEUMATIC EQUIPMENT... CYLINDERS... VALVES 
—S 


PRODUCT ENGINEERING + JULY 11, 1960 


CIRCLE 99 ON READER SERVICE CARD 


99 








FIRST in strain measurement 











HOW TO MATCH THE STRAIN 
GAGE TO THE JOB 


If your business is mechanical design, 
development or testing, chances are 
good that you have used, or will some 
day use, SR-4® Bonded-Filament Strain 
Gages. Unique in their simplicity, versa- 
tility and accuracy, they are the natural 
answer to a great many problems involv- 
ing the behavior of materials, compo- 
nents and structures under load. 


When the need arises, however, many 
engineers without specific background 
in strain-gage techniques find themselves 
on unfamiliar ground in attempting to 
select the best gage for the job from over 
250 available types. Although it is im- 
portant to the validity of the results that 
the gage used be properly suited to the 
application, selection is normally not a 
difficult matter and depends principally 
on known test conditions and on the 
nature of the data required. When the 
following criteria have been established, 
a suitable gage type for a specific appli- 
cation may be readily selected from the 
SR-4® Catalog. 


Bonded foil gage 


1. Temperature—The tempera- 
ture at which the test is to be conducted 
is an important (frequently limiting) 
factor in determining suitable grid and 
base materials. At room and moderately 
high temperatures, both wire and foil 
gages are used. At temperatures above 
350°F (and at very low temperatures), 
foil gages must be used. Some types are 
available with a backing material which 
may be stripped off during application, 
the grid alone being bonded to the test 
area. Such gages may be used up to 
1400°F (for dynamic-type tests). 
SELECTION OF GAGE MATERIALS 
BASED ON TEMPERATURE 


Maximum 
Temperature 








Filament 


Base Material Material 





180 Paper, Bakelite, Any 

Epoxy 

250 Bakelite, Epoxy Any 

350 Bakelite Any 

600 None ) Constantan 

or 

Nichrome 

| Strippable | foil 

1000* None { backing Nichrome 

foil 

1400* (dynamic| None Nichrome 
only) foil 

*Limit imposed by available bonding adhesives 























STRAIN MEASUREMENT 


DATA SHEET No. 2 


2. Test duration —PFor short-term 
tests (a few days) at temperatures below 
150°F, paper-base gages are satisfactory 
and are usually more economical than 
other types. Extra-thin paper gages speed 
the curing of the bonding cement for 
fast application. For longer test periods 
(months or years), phenolic (Bakelite) or 
epoxy-base gages are usually used. 
Dual-lead-type gages, with intermediate 
lead joints, provide good fatigue life. 
For better fatigue resistance and mini- 
mum hysteresis foil gages are advisable. 
They exhibit combined hysteresis and 
zero shift of less than 0.10% in strain 
reversals of up to + 1.5%, have generally 
higher fatigue resistance than equiva- 
lent wire gages. 


3. Strain type and magnitude 
—For static strains, gages having grids 
of Constantan are usually used up to 
600°F. For dynamic strains—particu- 
larly those of small magnitude—isoelastic 
gages are often recommended because of 
their relatively high strain sensitivity and 
improved fatigue resistance. Their high 
sensitivity to temperature change, how- 
ever, limits usage to the measurement of 
vibratory strains unless appropriate pre- 
cautions can be taken to cancel out or 
allow for this effect. When static strains 
of high magnitude (+2% to +10%) are 
involved, a “post yield” gage is used. 


4. Test-area geometry—Gaze 
size depends primarily on the test space 
available. In general, the largest gage 
possible should be used. The probable 
strain gradient of the test area should 
also be considered, since the strain gage 
essentially averages the surface strain 
beneath its grid. When the test space is 
curved, foil gages are recommended, 
since they are flexible and will readily 
assume almost any continuous contour. 
When small wire gages are used, the 
new fine-pitch, flat-grid types are gen- 
erally superior to ““wrap-arounds”’. 


5. Strain direction —Single-grid 
gages are used when the direction of the 
principal strain to be measured is known. 
If the strain field is biaxial and the direc- 
tions are known, a 90°, 2-element rosette 
gage may be employed. When the strain 
field is unknown, a 3- or 4-element rosette 
may be used to determine the direction 
and magnitude of principal strains. 


6. Output requirements —rThe 
required gage resistance and sensitivity 
are frequently dictated to some extent 





Rosette-type gage 


by the sensitivity of the measuring sys- 
tem to be used. Maximum gage output 
can be achieved by using a high-resistance 
gage with maximum bridge voltage. 


7. Temperature compensa- 
tion requirements—Strain gages 
are sensitive to changes in temperature 
as well as strain. This temperature effect 
on the measuring gage can often be can- 
celed out by use of an unstressed 
“dummy” gage sensing identical tem- 
peratures and connected in the strain- 
gage circuit. In cases where a dummy 
gage cannot be used, some form of se/f- 
temperature-compensation is required. 
There are three general types of tempera- 
ture-compensating strain gages available. 
a. Self-temperature-compensating wire 
gages—individually compensated for 
specific materials and specific tempera- 
ture ranges. 

b. “Selected-melt”’ foil gages—with grids 
produced from a “melt” of strain-sensing 
material specifically selected for mini- 
mum temperature response over a spe- 
cific temperature range. 

c. Self-temperature-compensating foil 
gage—a recently developed grid design 
with an appropriate external circuit, 
which may be adjusted to provide mini- 
mum temperature response on any desired 
material over any temperature range. 


For Engineering Assistance 


When tests involve unusual conditions 
(e.g., high frequencies, strong magnetic 
or radiation fields, etc.) or necessitate 
special gage configurations, unusually 
accurate data, etc., it is advisable to 
consult your local SR-4® Strain Gage 
Sales Engineering Representative. He 
can also supply you with information 
and specific recommendations on strain- 
gage instrumentation (static and dy- 
namic), cements, waterproofing com- 
pounds, and other accessories. 





To obtain a free copy of the latest B-L-H Strain Gage Catalog write Dept 


BALDWIN - LIMA: HAMILTON 


15-G. 
fern 
Wag Tt ps 


Blectronics & Instrumentation Division i ¢ 


Waltham, Mass. 


SR-4® Strain Gages « Transducers « Force 
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use 
this page 
to develop 
an idea in 
seconds 


The Polaroid Land camera has had phenomenal sales success. 
It is expertly designed . . . the materials and workmanship are 
the best. Now, even the package is something special. The 
camera and accessories are cushioned in a seat of Dytire® 
expandable polystyrene. 

Dy ire’s unique combination of properties—lightweight, 
shock resistance and easy moldability to any contour—make 
it the ideal choice for the variety of platforms and inserts used 
in Polaroid packages. 

Additional properties of strength, water resistance and in 
sulation have made Dytire a leading choice of package de- 
signers in a wide variety of industries. Chances are it can make 
an excellent improvement in your package. 


(60 seconds are up. Did you get an idea? Write to Koppers 


Company, Inc., Plastics Division, Pittsburgh 19, Pennsylvania.) 


Offices in Principal Cities + In Canada: Dominion 
Anilines and Chemicals Lid., Toronto, Ontario 


KOPPERS PLASTICS («= 


DyYLENE® polystyrene, SUPER DYLAN® polyethylene and DyLan® . 
polyethyle ne are other fine plastics produced by Koppers Company, Inc. 
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Spotting “bugs” in new products and 
eliminating them before marketing... 
, that’s how United States Testing 
How United States Company saves clients thousands of 
Testing Company helps dollars and priceless good will. 

Take the case of the new movie camera 


ready for the mass market... our 
test film went through without trouble, 
until a special spliced section jammed 


the sprockets and stripped a gear. 


We examined the mechanism piece 
by piece and traced the fault to a 


structural defect in a key member. Our 


report to the client included end-use 
specifications for the defective part and 
a simple slip clutch design to prevent 


future gear failures. 


Knowing how to induce failure in 
the laboratory, and prevent trouble 


in the field, calls for trained evaluation 


engineers ...engineers who know 
sound corrective design, too. Why not 
apply this know-how to your new 


product. Write or phone for details. 
No obligation. 











Send for free bulletin 
describing our evaluation 
and R/D services 


United States Testing Co., Inc. 
1415 Park Avenue, Hoboken, N. J. 


BOSTON - BROWNSVILLE - DALLAS + DENVER - LOS ANGELES 
Branch Laboratories | giupnis - wtw ORK + PRILADELPHIA~ TULSA 
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models are available in three standard sizes 
to handle load ranges to 8000 Ib per 
mount. Consolidated Kinetics Corp, 1065 
Dublin Rd, Columbus 12, Ohio. 

Circle 320 on Reader Service Card 


Fan-cooled worm-gear reducer 
has center distances as low as 14 in 
ranging to 8 in. Available in 12 sizes wit 
nput capacities from 0.01 to 68 hp and 
vith output torque up to 46,000 in-Ib 
Speed ratios are available from 5:1 to 70:1 
Controlled transfer of heat by conve: 
btained by a moving stream of ai 
induced by max-diameter fan, whic! 
forces high-velocity air along horizont 
hannels formed by external ribbing 
reducer housing. In addition to conve 
tion, heat is dissipated through radiati 
assisted by vertical ribbing on unit. From 
stock. Said to be competitively priced 
Box MJ, Foote Bros Gear and Machine 
Corp, 4545 S Western Blvd, Chicago 9. 
Circle 321 on Reader Service Card 


Size OO starter... 
is magnetic, nonreversing unit said to be 
better suited than larger units for about 
40% of all general-purpose application 
up to 2 hp. For use with polyphase and 
single phase motors, starter is available as 
open type or in NEMA type | enclosure 
Cover control offered consists of reset 
only; start, stop-reset, and three-position 
selector switch. Hp ratings are three-phase, 
110 v, % hp; 208/220 v, i4 hp; 38( 
440/550 v, 2 hp—for single phase, 115 \ 
+ hp; 230 v, 1 hp. Measures 53 x 7 x 
44/16 in. Cutler-Hammer, 315 N 12th 
St, Milwaukee. 

Circle 322 on Reader Service Card 


Miniature servo gearhead .. . 
is for use in servomechanisms and other 
electromechanical systems that demand a 
high order of accuracy. Almost 1000 differ- 


continued on page 104 
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You get Cast Bronze Bearings 
with a Pedigree 
from Johnson Bronze 


Bearings with a pedigree—rigidly controlled quality from 
ingot to mold to finished part—that’s what you get when 
you buy cast bronze bearings from Johnson Bronze Co. 
Johnson’s 59-year record of consistently supplying pedi- 
greed bearings has built a reputation for being “‘accepted on 
sight.”” Close alloy and dimensional control make your in- 
spection easy. The pedigree of these bearings tells you why. 
So why not put more quality into your product with 
| Johhson cast bronze bearings? Call, write or wire Johnson 


3 & ¢ Bronze. Put the pedigreed bearings to work for you. 


Johnson Bronze Company 


New Castle, Pa. 
West Coast Plant: Oakland 8, Calif. 
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ountinnad 
ent ratios are available from 3.08:1 to 
16,384:1. Ratios are obtained by using 
from two to seven gear stages and a motor 
output pinion with either 10, 12, 13 on 
15 teeth Gearhead is primarily for 
mounting to standard size 11 motor. In 
corporates integral output spur and out 
put shaft, with output shaft fully sup 
ported between bearings Output torque 
is 25 in.-oz continuous and_ starting 
15 im.oz max Backlash 
gear train is less than 45 min 
stage unit and less than 30 min 
ll other units. Max weight 3.82 
Exact Engineering and Mfg Co, 
Oceanside, Calif. 
Circle 323 on Reader Service Card 


Miniature in-line check valve 
for applications too small to accommo 
date larger check valves and bi 
Live Availabl in 
n-line check \ 
into high pres 
flow limes. \ 
direction only and clos 


ipon airflow reversal 


F with may 


t + jl nin at 30 psi 
ikage is zero. Weight 
for 25-in. valve Barber-Colman Co, 


Rockford, II. 
Circle 324 on Reader Service Card 


| Pressure-sensitive foam plastic 
ule of polyurethane is available in 3 
rt re }.in. thick and in a varict tf tap 
\pplies to clean, dry surface 
ng vinyl plastic liner exposing pres 
sensitive adhesive. Tapes are said to 
be fungus- and mildew-proof, chemically 
nert and to withstand temperatures up 
to 248 F. Samples are available. United 
Mineral & Chemical Corp, 16 Hudson 
St, New York 13. 
Circle 325 on Reader Service Card 


Three 2-part epoxy 
adhesives .. . 


ure at room temperature under contact 


pressure The three structural adhesives 


tinued on page 106 
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CASE HISTORIES FROM 
MT. VERNON FILES 


From 1 Mt. Vernon Die... 
2 Castings...7 University Speakers 


This University* Loud Speaker basket won firs ...an ingenious ernon die with inter- 
This | ty* I 1 Speaker basket won first n ingeniou Mt. Vernon lie with int 

prize in the New Jersey Zinc Company “Lighter changeable cores enabling them to cast two modi- 
Than You Think” Die Casting Contest. It is one fied baskets from one die . And because they have 
of two castings used to produce all seven new been working with Mt. Vernon for many many 
University wide range Series 200 speakers years, they dare to try the unconventional ap- 
proach knowing full well that they can always 


12 
depend on Mt. Vernon to follow through. 


The basket weighs only 2 Ibs. 12 ozs; mea- 
sures 13” across corners; is 458” deep and has a 
minimum wall thickness of .040”. It is a one- You may not be trying to win prizes 
piece, non-magnetic zinc casting that provides just aiming for lower production costs. In that 
perfect rigidity for the entire structure assuring case we can show you how it can be done with 
life-long stability and reliability. Furthermore, die castings. Just call your nearest M.V. Sales 
its narrow struts offer a minimum of reflecting Representative for quick action 
surfaces, thus avoiding unwanted peaks and val- uadvanine taudenebem. tn 
leys in the frequency response of the speakers. 

University engineers, thoroughly familiar 
with inherent advantages of die casting, design 
for maximum effectiveness of the art. The result 





MrT. TA-5 a, Led, Mell met U-bal icihedel-t-lel-) balel. 


STAMFORD, CONNECTICUT 
BALTIMORE, MD.: Mr. C. M. Gordan, 919 St. Paul St. | EW. L 
REPRESENTATIVES  ®ROOKLYN, N.Y: Mr. Robert V. Moore, 2317 Plumb 2nd St. n Savers, 101 Briarcliff Rd. 
CLEVELAND, OHIO: Mr. Grant Eller, 6 East 194th St. .: Mr. Jerome J. Theobald, 9 €. Genesee St. 
& ED. (q)  soUPENLND, we, Dein ing, 75 wi Mr. Anker Anderson, Cascade Road 


water PITTSBURGH, PA.: Mr. Andrew W. Anderson, 300 Pasadena Drive So. VALLEY FORGE, PA.: Mr. G. T. McMaster, P.O. Box 115 
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Need an 
original 


equipment 


e VACUUM PUMP? 


Basic 1550 


@ 1550-visa 
SEE HOW GAST 


CUTS YOUR COSTS 


These pictures demonstrate how your product 
—and cost budget—may benefit when you 
select Gast rotary Vacuum Pumps for original 
equipment. 

Above (1) is a basic Model 1550 less acces- 
sories (one of 13 sizes). For current, active 
customers, Gast builds this model in dozens 
of variations. Each one meets specific needs 
for vacuum, pressure, lubrication, drive 
method and type of service 

For example, (2) is equipped with wick oiler, 
and intake and outlet filters for both vacuum 
and pressure used on paper feeding applica- 
tions. (3) includes fan-pulley, belt, motor 
and base as sold for intermittent operation 
on vacuum-back cameras, vacuum chucks and 
plastic sheet forming units. (4) has new, 
large constant-level oiler for rigorous indus- 
trial duty. (5) mever needs oil—has carbon 
vanes for oil-free air. (6) is a 1550 Model Air 
Compressor with air intake filter 

As you see, each original equipment buyer 
gets a job engineered pump. In the same way, 
you can save money, because Gast ingenuity—and 
tooling and manufacturing efficiency—permit pre- 
cision quality at production prices. 


WRITE FOR FULL DETAILS—REQUEST CATALOG 


GAST MANUFACTURING CORP., P.0. Box 117-P 


1550-V4D-G34 


1550-V105 


1550-P41A 
Air Compressor 


Benton Harbor, Michigan 


SEE CATALOG IN SWEET’S PRODUCT DESIGN FILE OR FLUID POWER DIRECTORY 


@ AIR MOTORS TO 7 H.-P. 
@ COMPRESSORS TO 30 P.S.I. 
@ VACUUM PUMPS TO 28 IN. 


“Air may be your answer!" 
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COMPONENTS + MATERIALS + PROCESSES 
.. » continued 
are used for high-strength metal and plas- 
tic structural bonding where heat and/or 
pressure are not feasible in the bonding 
operation. All three adhesives maintain 
high-strength properties over service tem- 
peratures of —67 to 160 F. Shear strengths 
of metal-to-metal assemblies bonded with 
these adhesives range from 2300 to 3200 
psi at 75 F. Reported to have high creep 
resistance under constant stress, excep- 
tional adhesion to metals and plastics, and 
good resistance to water, hydraulic oil and 
aromatic fuels. Adhesives, Coatings and 
Sealers Div, Minnesota Mining and Mfg 
Co, 900 Bush Ave, St Paul 6. 
Circle 326 on Reader Service Card 


Annunciator lamp cabinet . . . 
offers up to 100 back-lighted windows, 
34 in. sq, which can carry either engraved 
messages or hand-marked legends applied 
with grease pencil. Windows can be sup- 
plied in sizes larger or smaller and can 
be grouped as desired in flush-or surface- 
type cabinets. All lamp sockets are wired 
to a common terminal block, which is 
offered for 24-, 115-, or 220-v service. 
Units are also available with individual 
pushbuttons and/or toggle switches. H R 
Kirkland Co, 8 King St, Morristown, NJ. 

Circle 327 on Reader Service Card 





No 
DOODLING 
ALLOWED 








PRODUCT ENGINEERING + JULY 11, 1960 





OZALID NEWSLETTER 


NEW IDEAS TO HELP YOU 





W/TH ENGINEERING REPRODUCTION AND DRAFTING 





Ozalid Viewfilms produce color images in seconds... 
and at lower cost than conventional methods. 


Need low-cost color in a hurry? 


Four-color, three-color, or even two- 
color for that matter . . . no problem; 
Ozalid’s Viewfilms provide the per- 
fect low-cost answer. 

Suppose we want to produce a 
performance chart in which each 
factor is a different color. 

It’s a snap. Just take translucent 
paper. and draw the desired curve or 
dotted line (as the case may be) on 
the sheet. 

Next, run the master through your 
Ozalid machine together with an 
Ozalid Viewfilm of the proper color. 
Want to add more material in a dif- 
ferent color? Just prepare another 


master, select a different colored film, 
and run them as you did the first 
pair. When you’re all through, over- 
lay the films in sequence and tape 
them into register. Your result is a 
composite color chart that’s very 
dramatic ... very convincing! 

This is just one illustration to start 
your mental salivary glands working. 
We are sure that you can find uses we 
haven’t even dreamed of, once you 
get going. And if you discover any 
new applications for this best of all 
possible color worlds, tell us about 
them so we can spread the good 
news to others. 


When it comes to 
cost estimating... 


... there’s nothing like a handy white- 
printer to cut preparation time of 
cost estimates, according to the 
Stackpole Carbon Company, St. 
Mary’s, Pa. The company’s Super- 
visor of Cost Estimating has just 
written us a letter on the subject 
which we pass on to you verbatim. 
“Our estimates are made in pencil on 
printed translucent vellum in pad 
form. These are reproduced on spe- 
cially cut and punched Ozalid copy 
paper. Originals carry only basic in- 
formation that has to remain con- 
stant. And from the originals we 
produce duplicate originals on Ozalid 
sepia line intermediate paper (#402 
IT) as required, and these are used 
until the basic information is obso- 
lete. To revise a cost, it is only 
necessary to add current rates and 
extend. With this simple Ozalid meth- 
od we have eliminated typing, proof- 
reading, and copying errors.” 

The Supervisor goes on to say that 
Stackpole uses Ozalid copying in many 
other areas of its business because 
of convenience and economy. Per- 
haps we’ll be able to tell you about 
these uses in a future Newsletter. 


Here’s what 100 usable feet 
per minute can do for you 


Speed up your production? Of course! 
But that’s only the beginning. Look 
at it this way. One Printmaster 1000° 
working at a usable 100 feet per 
minute matches the output of several 
smaller, slower machines but takes up 
less valuable floor space while handling 
widths up to 54 inches! You save on 
production time and costs due to 
higher working speeds! And the 
Printmaster 1000 is probably the 
toughest, most durable unit ever pro- 
duced. This means even greater 
savings in downtime and service 
charges. Our first recommendation 
for any shop having heavy work loads 
is this 100-foot champ... the 
Printmaster 1000. 


Ozalid— Division of General Aniline & Film Corp.+ In Canada: Hughes-Owens Co., Ltd., Montreal 
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Efficient sealing made to your 
measure... by JOHNS-MANVILLE 


For equipment that requires other 
than standard packing styles, dimen- 
sions or materials... J-M offers 
made-to-your-measure custom 
moulded packings. 





3-YEAR PERFORMANCE TESTS 
PROVE LONG LIFE AND 
EFFICIENCY OF J-M UNEEPAC 


For 3 years,aJ-M customer gave U neepac 
“the works.”” Uneepac Rod Packings 
got a 350,000-cycle test; Uneepac Piston 
Rings a 150,000-cyele test. Both provid- 
ed a perfect seal for 3 years . . . proved 
able to stand working pressures to 2,500 
psi and shock pressures to 4,000 psi! 











These packings are exactly engi- 
neered to measure up to your service 
conditions. J-M will select the mate- 
rials that most economically handle 
temperature or other conditions. 
J-M will also recommend the specific 
design and construction needed, tak- 
ing into account pressures . . . mo- 
tions ... and all other factors found 
within the equipment. 

More and more manufacturers 
and those concerned with preventive 
maintenance now specify from J-M’s 
broad selection of standard moulded 
automatic packings ... or call on 
J-M’s custom service. Either pack- 
ing, whether standard or custom- 
made, is designed to give you opti- 
mum economy per packings dollar. 

Here are some of the reasons why. 
Each pressure-actuated ring is an 


efficient, individual sea!, interlocks 
with adjacent rings without com- 
pression adjustment. J-M packings 
are quick and easy to install. They 
are self-centering .. . self-adjusting 

. and offer interesting design pos- 
sibilities. With J-M UNEEPAC®, 
for example, you can design smaller 
piston and rod stuffing boxes, and 
still get efficient sealing even in min- 
imum packing depth. 

Immediate shipment of all stand- 
ard J-M packings. And complete in- 
formation on J-M’s entire line 
plus specific recommendations for 
various applications and service con- 
ditions . . . is in free booklets PK- 
126 A and PK-148 A. See your J-M 
Distributor. Or write to Johns- 
Manville, Box 14, New York 16, N. Y. 
In Canada: Port Credit, Ontario. 


JOHNS-MANVILLE Yj 
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How to expand without added expenditure 


Right away let’s make this point clear: you won’t find any magic formula here 
for expanding your plant physically at no cost. What you will find are facts 
about a material that can definitely help expand your plant’s productivity . . . 
and your product’s salability. 

That material is Masland Duran Clad, the new semi-rigid vinyl for laminating 
to metal sheets or coils according to your specifications . . . the built-in finish 
that obsoletes dipping, spraying, brushing, coating and similar finishing methods 
. .. the vinyl-to-metal laminate that can even do away with the need for having 
a finishing department. 








Think what this can mean in terms of expanded productivity. Space now devoted 
to finishing operations can be used to expand your production area. Money 
currently spent in equipment, maintenance and finishing supplies can be chan- 
neled to more productive use. Costs of rejects, and the insurance costs of han- 
dling explosive materials can be eliminated, too, since Clad enables you to 
work with prefinished parts. 





Consider, too, what Clad can mean in greater sales potential for your product. 
This durable, decorative vinyl can be produced in easy-to-clean colors . . . and 
in plain, textured or embossed designs. And here’s the beauty of Clad from a 
production standpoint: It can be cut, crimped, drilled and even deep-drawn, 
without affecting color or design . . . without distorting the material itself . . . 
and without the need for any special processing equipment or methods. 
Truly, Masland Duran Clad merits your most serious consideration right now 
... for, make no mistake about this: vinyl-to-metal laminates are here to stay 
and grow. With production soaring from one million square feet to 18 million 
in just three years .. . and from 115 to 150 million square feet estimated for 
1960 . . . they are obviously lowering finishing costs and increasing design 
flexibility in a big way. 

To safeguard and improve your competitive position, you will find it well worth- 
while to mail this coupon for more information on Masland Duran Clad .. . 
and the laminators serving your area. 


Industrial Products Division 
THE MASLAND DURALEATHER COMPANY, Dept. PE, Philadelphia 34, Pa. 











THE MASLAND DURALEATHER CO., Dept. PE 
Whasland Duran Amber & Willard Sts., Philadelphia 34, Po. 


Please send information and samples of Clad 


CLAD ie i 


Company_ 








vinyl tinish Street__ 


PRODUCT ENGINEERING + JULY 11, 1960 CIRCLE 109 ON READER SERVICE CARD 109 





Beautiful 
Lightweight 


Corrosion- 
resistant 
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DESIGN LITERATURE 


Direct Conversion of 
Heat to Electricity 


JOSEPH KAYE and JOHN A WELSH. John 
Wiley & Sons Inc, 440 Fourth Ave, New York 
16. 6 x 9, approx. 325 pp. $8.75. 


Man’s dream of devising a box 
with no moving parts, which converts 
thermal energy directly into electrical 
energy, has become a reality in the 
laboratory, It promises to become an 
industrial reality in a few years. But 
this field of direct conversion is so 
new that no trained or experienced 
personnel exist, and there has been 
no single or concentrated source of 
volume—a 
pioneer effort—is an edited assortment 
of technical papers written originally 


reference material. This 


for an MIT summer meeting by prin 
cipal persons in the new technology 
of direct conversion. It includes fun 
damental discussions in thermoelec 
tric-energy conversion (the thermo 
couple), thermionic-energy conversion 
(the vacuum tube and the gaseous 
tube), magnetohvdrodynamic conver 
sion (separating the positive and nega 
tive charges in a gas), and fuel cells 
the separation of positive and nega 
tive charges during a chemical reac 
tion). The contributors offer consid 
erations of the practical applications 
and problems associated with each 
tvpe of conversion scheme 


Stress Concentrations 
and Cyclic Loading 


American Society for Testing Materials, 1916 
Race St, Philadelphia 3. 8% x 11, 108 pp 
$4.50. 


To determine the state of knowl 
edge in the field of stress concentra- 
tions and cyclic loading at elevated 
temperatures, the ASTM-ASME Joint 
Committee on Effect of Temperature 
on the Properties of Metals sponsored 
a two-part project designed to survey 
the published literature in this area 
The result is this publication (full title 
“Literature Survey on Influence of 
Stress Concentrations at Elevated 
Temperatures and the Effect of Non- 
steady Load and Temperature Condi 
tions on the Creep of Metals—STP- 
Z60”) which brings into focus in a 
comprehensive fashion the tremendous 
amount of informdtion available on 
these subjects. 

The first survey, covering the effects 


of nonsteady load and temperature 
conditions on creep of metals, de 
scribes the fundamental investigations, 
summarizes data on alloys under com 
plex variations of load and tempera 
ture, and reviews several analvtical 
procedures for calculating nonsteady 
behavior from steady-state stress tests 
The second survey, on stress concen 
trations, reviews the available notch 
rupture data with the idea of estab 
lishing fundamental influences of stress 
concentrations, testing variables, and 
the influence of alloy composition 
Also included is a section dealing with 
the application of notch data to the 
problem of component design 


Evaluation of 
Electrical-discharge 
Machining 

PB-161267 (Report No. 59-1516 Office of 


Technical Services, Dept of Commerce, Wash 
ington 25, DC. 9 x 11, 30 pp. $1 


This early report surveys machining 
capabilities of a modified Cincinnati 
vertical milling machine with elec 
trical discharge current from an Elox 
power supply. Report is outdated by 
the rapid developments in the electro 
machining field 
offer higher cutting speeds, better sur 
face finishes, along with better dimen 
sional accuracy (see PE—Mar 2 ’59, 
p 50). Another recent development 
claims it can remove metal by electro 
machining without tool weat 

Although old, many of the basics 


The new machines 


ven in this early report still apply 


ABSTRACTS 
FROM THE LITERATURE 


Machining Glass-plastics 

Practical production methods for 
glass-plastics laminates are described 
ind assessed for their utilits 


“Techniques for Machining Glass-plastics Lami 
nates,” E. C. Graesser, Notional Vulcanized 
Fibre Co, Wilmington, Del. Plastics Technology, 
Nov ‘59, 630 Third Ave, New York 17 


Design of Forgings 
Presents basic principles and shows 


how designer can apply them most 
satisfactorily. A table of drop-forging 


continued on page 112 
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Another New Fastener Idea From Parker-Kalon 





The New PARKER-KALON 


W-POINT Socket Set Screw 


U.S. PATENT NO. 2,907, 


Now you can get the highest degree 
of holding power ever attained! 


30% more back-out torque 50% more resistance to vibration 50% more resistance to rotary slippage 


Like many important advances in technology, the Parker-Kalon W-Point concept is simple and straightforward. In 
use, its superior performance and holding power will be demonstrated to your own satisfaction. Available from P-K 


distributors at no increase in cost. 


A COMPLETE LINE OF SOCKET SCREWS TO MEET EVERY REQUIREMENT! 


SOCKET SOCKET SHOULDER FLAT HEAD 
HEAD SET SCREWS SCREWS SOCKET CAP 
CAP _ SCREWS SCREWS 


Now you can get al/ of these famous P-K* quality 
socket screws with or without 


the vibration-resistant 


LONG-LOK INSERT! 


Look at that groove! It’s P-K’s secret weapon against 
vibration. Filled with Polycap nylon-type polymer, it 
solves a thousand and one problems where vibra- 
tion is present... where adjustment is required 
. where reuse is a factor, over a wide tem- 
perature range. 
© Provides higher resistance to shock 
© Higher percentage of reusability 
© Superior thread engagement and locking force 
e Eliminates need for lock washers, safety wires 
© The Long-Lok insert is available on P-K 
Socket Head Cap Screws, Set Screws, Flat Heads, *, 
Button Heads, Shoulder Screws and Pipe Plugs. 
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BUTTON SOCKET SEMS 
HEAD 
SOCKET CAP 
SCREWS 


DOWEL PINS 
a 


SOCKET 
PIPE PLUGS 


PARKER-KALON 


FASTENERS 


Parker-Kalon Division, Genera/ American 
Transportation Corporation, Clifton, New Jersey 
@ Offices and Warehouses in Chicago and Los Angeles 


- KEEP AMERICAN INDUSTRY AT WORK BUY P-K MADE IN 


° 
. 
. 
o 
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POLYPENCO MC NYLON 


—an economic breakthrough— 
in nylon production 











New processing techniques drop nylon 
tubular bar prices as much as 50% 


New design opportunities are open to manufacturers 
and users of large bronze and babbit bearings 


POLYPENCO MC Nylon 901, a specially formulated 
bearing compound, is available in tubular bars at prices 
below those of quality bronze bushings. 


Polymer’s new MC Nylon has improved wear charac- 
teristics and greater resistance to deformation under 
load . proven by field tests 


TUBULAR BAR STOCK SIZES 


MC Nylon tubular bars, the first standard availability 

in MC Nylon, are made in outside diameters ranging 

from 2” to 15”. Wall thicknesses of %”’, y’"’, %4" and 

1’ are standard with wall thicknesses up to 2° made to 

order. Standard lengths up to 13”. Supplied in 
ROD AND SLAB POLYPENC™ blue. 


Rod up to 17” in diameter, Call or write today for full information. 
and slab from 1 to 5 inches 

thick in sections of 2 ft. x 3 ft 

are available on special re- 

quest. Other symmetrical 

shapes—produced with new 

economy —and in larger sizes 

than heretofore produced 

are under development. 


The Polymer Corporation of Penna. — 


Reading, Pa. 
Export; Polypenco, Inc., Reading, Penna., U.S.A 
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DESIGN LITERATURE 


thickness, surface and offset tolerances 
s included along with 8 illustrated 
examples of principles 

Design Principles of Forgings,” R. C. Jones, 
Head Wrightson Stampings Lid. Engineering 


Materials and Design, March ‘60, Drury House, 
Russell St, London, WC 2, England 


Tadpole Seals 

Describes various components used 
in the manufacture of tadpole seals, 
which are usually composed of a body 
or bulb and a tail. They are mainly 
used as static seals. In general they 
seal against air or gases under low 
pressure differential Cheir chief 
function is to prevent the passage of 
low-pressure gases or to seal against 
the passage of dust, dirt, or flame 
‘hey may be made from one material, 
such as an clastromer extrusion, of 
they can be made from many different 
components. These seals may vary in 
size and shape. They can be endless, 
circular, or conceivably any shape with 
in the limitations of manufacture 
Tail is used to hold the bulb in posi 
tion. ‘The bulb accomplishes the seal 
Tadpole Seals: Components, Design, and 
Use,” R. H. Holmes, General Asbestos and 
Rubber Division, Roaybestos-Manhattan Inc 
Society of Aircraft Materials and Process 


Engineers PO Box 39632, Griffith Sta, 
los Angeles 39 


CATALOGS 
AND BULLETINS 


To obtain copies of literature described be- 
low, circle corresponding number on post- 
care nside back cover. For those catalogs 
and bulletins available only when requested 
company letterhead, see page 118 


AIR-TUBE CLUTCHES AND BRAKES 
Catalog, 32 pp. Contains specifications, 
pplication information and suggested 
h and brake arrangements. Wichita 

tch Co, Wichita Falls, Tex 
Circle 350 on Reader Service Card 


HIGH-TEMPERATURE WIRE AND 
CABLE-Catalog, about 56 pp. Discusses 
high-temperature wire and cable and pr 
pecifications and sizes for various 
tic-insulated wires and cables. Tenso 
Insulated Wire Co Inc, W Main St, 
rrytown, NY 
Circle 351 on Reader Service Card 


ALUMINUM PRODUCTS-—Bulletin 30 

20 pp. Information on aluminum coil, 
sheet, plate, tubing, pipe, rod and bar 
wvailable from stock with guide to selec 
tion. Covers Federal specifications, analy 
ses, mechanical properties, tolerances, ma 
hinability ratings, finishes, corrosion 


continued on page 115 
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‘Why it’s all-important to get 
good microfilm pictures! 


Your success with an automated drawing which can be kept at the finger tips . . . always avail- 
file depends mainly on the quality of your able for easy viewing in a Recordak film reader. 
microfilm reproductions. And when paper prints are needed, reduced-size 
prints can be made fast—directly from the “‘micro- 
They must be completely legible when checked in film’ card—by low-cost photographic, xerographic 
film readers . . . they must also produce accurate, or electrostatic methods. Duplicate cards can also be 
easy-to-read paper prints and duplicate microfilms. made for branches, vendors, government agencies 
Here’s where Recordak techniques and quality lor pennies apiece. 


controls, developed over years of research, pay rich 


Send for free booklet giving additional details on 


dividends for drafting rooms large and small. They this precision system available through Recordak and 


provide remarkably sharp and uniform pictures on 
low-cost 35mm microfilm which more than meet DOD 
requirements (120 lines per mm resolution at 30 to 1 
reduction ratio). 


its nation-wide dealer organization 


te eeeeeeees+MAIL COUPON TODAY:+++++++++*s 
RECORDAK CORPORATION EE-7 
415 Madison Avenue, New York 17, N.Y 


Mounting these superb Recordak microfilm frames Gentlemen: Send free booklet describing Recorpax Engi- 


in aperture cards gives you an active drawing file neering Drawing System. No obligation whatsoever 


SRECORDRK 


(Subsidiary of Eastman Kodak Company) 


originator of modern microfilming 
—now in its 33rd year 


City — — Zon Sta 
IN CANADA contact Recordak of Canada Lid., Toronto 


eeeeeeeeeeeeeeeeeeewe eee eeeeeeee ee eeee 


eeeeeeeeeeeeneneeeee 
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MAYLINE 








The Mayline 
May-O-Matic 


and 


Desk-O-Matic 


DESK-O-MATIC 


Draiting tops of both are counterbalanced for tilt and 
and height movements. Change in top angle is smooth 
and easy, even after accessories, such as drafting 
machine, have been added. Reduces fatigue. 








MAYLINE 
INTIAVW 


Both completely described in folders $22 and $24. 
Talk to your local dealer about price and delivery. 


MAYLINE CO., INC. 


607 No. Commerce St. 


Sheboygan, Wisconsin 


MAY-O-MATIC “E” COMBINATION 


MAYLINE 
CIRCLE 204 ON READER SERVICE CARD 








CIRCLE SEAL 


9500 Series 
MINIATURE LEAKPROOF 


SHUTOFF VALVE 


LEAKPROOFMANSHIP...a word not found 
in Webster’s but coined to convey our phil- 
osophy (and we live up to it, too) of perfect 
leakproof sealing. Not merely braggadocio 
but an operational certainty. It is said that 
the very best things come in small packages 
and this is especially true of the Circle Seal 
9500 Series Valves. Miniaturized at no sac- 








General Purpose Hinge 
Creates Flush Surfaces 


These hinges are completely 
hidden from view when door, 
lid or hood is closed. Makes 


possible flush, absolutely 


rifice in quality, these valves operate from 
0-2000 psi while maintaining all the features 
that have made the name CIRCLE SEAL 
synonymous with valve quality. 


smooth surfaces that greatly 
enhance appearance and safety. 
Tapered body sections are pre- 
cision castings of a special zinc 


base alloy having a tensile 

strength of 47,000 pounds per 

square inch. Operates in a 180 degree arc which permits 
full opening. Laminated link construction reduces fric- 
tion and permits hinges to operate freely and smoothly. 
Hinges are reversible and may be used right or left hand. 
Available for wood or metal application in a wide variety 
of sizes. For complete details, prices and free illustrated 
catalog, write today to 


SOSS MANUFACTURING CO., Dept. PER-12 
P.O. Box 38, Harper Station, Detroit 13, Mich. 


Leakproof in vacuum or pressure service 
Straight through flow 

Positive position indication 

Provides accurate metering 

Effortiess opening and closing 

“O" Ring seals virtually eliminate wear 
Convenient 90° “‘T” handle 


2181 East Foothill Boulevard * Pasadena, California 


CIRCLE (i) CIRCLE SEAL PRODUCTS COMPANY, INC. 


® 
precision valves 


SEAL 
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DESIGN LITERATURE continued 


resistance and relative costs of aluminum 
alloys. Jos T Ryerson & Son Inc, Box 
8000-A, Chicago 80 

Circle 352 on Reader Service Card 


ELECTRONIC HARDWARE ~— Catalog 
32, 32 pp. Includes more than 380 stand 
dard electronic terminals and hardware 
With specifications and ordering informa 
tion. Lerco Electronics Inc, 501 S Varney 
St, Burbank, Calif 

Circle 353 on Reader Service Card 


MAGNETIC-PARTICLE CLUTCHES 
Brochure, 16 pp. Describes characteristics 
of line of magnetic-particle clutches with 
capacities from 2.5 in.-oz to 1900 in.Ib 
Includes curves, installation drawings and 
other illustrations. Lear Inc, Box 688, 110 
Ionia Ave NW, Grand Rapids, Mich 
Circle 354 on Reader Service Card 


SCREW CONVEYOR-DRIVES ~— Bulk 
tin 7106, 20 pp. Design features and a 
cessories of screw-conveyor drives for ay 
plications of 4 to 30 hp in four ratios at 
described. Includes selection and dimen 
sional information, NEMA. motor dimen 
ions and nominal sheave ratios for typical 
ratios and conveyor speeds I’alk 


Corp Dept 255, Box 492, Milwaukee 
Circle 355 on Reader Service Card 


METAL-FORMING PROCESS—Bullc 
tin 500-P4, 8 pp. Explains method where 
by cold metal is pressure-shaped into de 
sired thicknesses and circular shapes 
Covers machine, various shapes, range of 
sizes, types of finishes and suitable metals 
and alloys. Representative samples of 
formed components are shown. _Com 
mercial Shearing & Stamping Co, 1775 
; 


Logan Ave, Youngstown 1, Ohio 
Circle 356 on Reader Service Card 


SOCKET-CAP SCREWS—Bulletin 

8 pp. Specifications for 1960 series socket 
ap screws. ‘Tables present dimensions 
concentricity limits and threading dimen 
sions. Compares dimensions of 196( 
series and 1936 series screws. Bristol Co, 
Waterbury 20, Conn. 

Circle 357 on Reader Service Card 
ELECTRONIC TIMING DEVICES 
AND CONTROLS—Bulletin 5907, 6 pp 
Shert-form catalog describes typical elec 
tronic timing devices and controls. With 
specifications and typical timing diagrams 
lempo Instrument Inc, Hicksville, NY. 

Circle 358 on Reader Service Card 


ELECTRIC CLUTCHES AND BRAKES 
—Brochure, 6 pp. Lists sizes, rated sta 
tic torque and coil power watts of 
more than 20 types of fixed ficld, minia 
ture, small and larger electric clutches and 
brakes. With diagrams. A _ conversion 


continued on page 117 
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ASTRO MAG 
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PUSH TO SYNC 


ASTRO MAG 


PUSH TO SYNC 


the shape of things to come 


RADIUM 


united states radium corporation 


wn N 





eer Grease Seal Caster 


CORROSION 


+++ designed to the exacting specifica- 
tions of the Bakery Industry Sanitation 
Standards Committee 


Grease sealed throughout 

to protect the swivel and wheel 
bearings from wet floor conditions or 
the effects of steam or hot water 
cleaning. Pressure grease fittings 
prevent entrance of moisture, 
dirt, lint, etc. Long wearing 
“neoprene” wheel resists oil, 
grease, and fatty acids. Easy to 
clean, with wide wheel clearances. 
Designed for 200# (per caster) 
load area. Top plate is standard 
4" x 4” with 3” x 3” hole spacing. 


Sales Representatives in Leading } . 
Cities Throughout the Country Jarvis & arvis, inc. 
Sold Through Quality Dealers Vb PALMER, MASSACHUSETTS 


In Canada: Jarvis & Jarvis of Canada, 1744 William St., Montreal, Que, 
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Torque Wrench Adapter AIDS LUBRICATION 


% Cateulator UNIQUE STABILIZATION 
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ALLOYS READILY 
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AAAIMAAN RO 


ribbon, pellets, spheres, 
powders, “‘indalloy’’ solders, etc. 


NDIUIW 





Write Dept. P-1259 for new Indium bulletins 
“INDALLOY” Intermediate Solders 


THE TIN DIUM 


CORPORATION OF AMERICA 


1676 Lincoln Avenue @ Utica, New York 


Since 1934 PIONEERS in the 


Development and Applications of Indium for Industry 
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DURANT 


DIGITAL 
READ-OUT 
COUNTERS 


Model “Y” SERIES 


7 


POSED HS DHS SASQ,, 


~ 


4 


--—_“a“«<«<«<—«" 


Model “‘D” SERIES 


for MISSILE TRACKING, 

RADAR CONTROLS, COMPUTERS, 
NAVIGATION INSTRUMENTS, 
GAUGING INSTRUMENTS, and 
ANY other indicator applications. 


® Meets military specifications. 


® High speeds, lower torque, lower 
moment of inertia for long life. 


® Nylon wheels with legible figures, 
nylatron pinions. 

® Single, 11/2, or double width wheels. 

®@ One-piece aluminum die cast frame. 


@ Base mounting. Threaded mounting 
holes may be in frame top or ends. 


® Right or left’ hand drive, clockwise 
or anti-clockwise rotation. 


@ “Y” Series, single or dual bank types. 


© Component parts can be purchased 
separately to meet design requirements. 


Your answer to an infinite number 
of variable demands 
for PRECISION CONTROLS. 


Send for Catalog No. 400 


ol RIAN! Tr 


1938 N. Buffum Street 
Mitwaukee 1, Wisconsin 


38 Thurbers Avenue 
Providence 5, R. 1. 


REPRESENTATIVES IN ALL PRINCIPAL CITIES 
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DESIGN LITERATURE 


continued 


table and sclection 


clutch brak section 
are provided. Simplatrol Products Corp, 
24 Salisbury St, Worcester, Mass 


Circle 359 on Reader Service Card 


SHEATHED AND INSULATED THER 
MOCOUPLES-—Bulletin P1I281A, 6 pp 
Describes construction and 
plications lable presents specifications 
Bristol Co, Waterbury 20, Conn 

Circle 360 on Reader Service Card 


typical ap 


MECHANICAI 
Covers 


ation of seals 


SEALS— Bulletin AD 
150, 8 pp ngineering and appli 
Illustrated with sectional 
ind dimensional drawings. Outiines tem- 


perature, pressure, shaft speed and operat 


Garlock Inc, 446 Main 


ng mformation 
St, Palmyra, NY 
Circle 361 on Reader Service Card 


ADHESIVES 


ind = characteristi f 


Bulletin pp. Principal 
representative 
formulations in line ar 

torm section lescTibes 
vater-base 
Adhesive . 
rial Dr 


sented in tabk 
solvent-b 
and hot-melt adhes 
BB Chemical ¢ 
Cambridge, Mas 
Circle 362 on Reader Service Card 


784 Memo 


CUP PACKINGS-Bulletin, 4 pp. D 
ribe propertic id characterist 
ip pa king : a $i , and | 


ince information k Houghton ¢ 


3 W Lehigh Av Philadelphia 
Circle 363 on Reader Service Card 


MINIATURE-FAN 
SELECTOR—B 


determining 


AND 
FB, 4 


BLOWER 
pp Guidk 
nents for 
tronic applications and for 
roper type ind pacit\ tf miniatur 
ind blower Globe Industri 


Stanley Ave, Davt + 
Circle 364 on Reader Service Card 


Oh 


STEEL-SPRING 
MOUNTS 
ght typical 


MACHINERY 
Bulletin K3C, 6 pp Series of 


ase hist 


rik vith installa 


tion photos, describe how spring 


| machin 


mounts solved representative range of 
bration problem Korfund Co Inc, 48 
G 32nd Pl, Long Island City 1, NY 


Circle 365 on Reader Service Card 


CONTINUOUS READING METER 
RELAY--Bulletin S-2-1 + pp Presents 
descriptions pecihcation ind prices of 
meter-relay m thi ise 
diagrams showing how 
w~onents are affected during operation « 
ontinuous-reading meter-relay (Asser 
ly Products Inc, Chesterland, Ohi« 


Circle 366 on Reader Service Card 


rHERMOSETTING 
MATERIALS 


LAMINATED 
Engineering data chart, 4 


s and properties 


ued o 18 


DO 
YOU 
USE 


PRESSURE 
REGULATORS? 


senp For NEW 


FREE CATALOG ON 


KENDALL 
GOVERNAIRE 


yg 7. go 5 


ENGINE & AIRPLAN RPORATION 


INDUSTRIAL PRODUCTS BRANCH 


West Babylon, L. |., N. Y 
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NEW BOOKS 
from 
McGRAW-HILL 





FIXED AND VARIABLE 
CAPACITORS 


A wealth of working informa- 

tion on both fixed and vari- 

able capacitors — details of 

design and construction, application in 
modern electronic equipment, experimental 
types of capacitors, and more. By G. W. A. 
Dummer, Royal Radar Establishment; and 
Harold M. Nordenberg, Bureau of Ships. 
281 pp., 164 illus., $16.00 


PROFESSIONAL ENGINEER'S 
EXAMINATION QUESTIONS 
AND ANSWERS 


Second Edition. Now gives 600 questions and 
complete answers to help engineers pass 
state license examinations. Covers mechani- 
eal, electrical, civil, and chemical engineer- 
ing, and includes engineering economics and 
land surveying. Suitable for all states. By 
William 8. La Londe, Newark College of 
Eng. 2nd Ed., 615 pp., 273 ilus., $7.50 


CONTROL OF STEEL CONSTRUCTION 
TO AVOID BRITTLE FAILURE 


Gives complete information on efficient and 
economical means of minimizing notch brit- 
tleness in design and fabrication of steel 
structures. Covers notch toughness behavior ; 
fabrication of structural components; weld- 
ing procedures; design of specific details; 
and more. Edited by M. E. Shank, M.1.T. 
184 pp., 78 illus., $4.50 


MECHANICS 


Third Edition. Here is proven material that 
covers mechanics from the fundamentals of 
space, matter, force, and time . through 
kinematics . .. to work and energy. Dis- 
cusses and analyzes types of machines, 
classes of levers, screws and threads, worm 
wheels, and more. Theory is clearly explained 
and application to practical industrial prob- 
lems is stressed throughout. By John W. 
Breneman, The Pa. State College. 3rd Ed., 
262 pp., 250 illus., $5.50 


BASIC GRAPHICAL KINEMATICS 


Shows how to use methods and techniques 
for the graphical solution of problems in 
kinematics. Covers displacements, velocities, 
accelerations, cams, gears, chains, and belts 
and explains the use of vectors and vector 
equations—basic concepts of displacement, 
velocity, and acceleration—and the use of 
vector equations in connection with relative 
motion. By Harold Kepler, Air Force Inst. 
of Tech. 288 pp., 274 Ulus., $6.00 


SEE THESE BOOKS 10 DAYS FREE 


McGraw-Hill Book Co., Dept Vv oy i 
327 W. 4ist St., New York 36, 


Send me book(s) checked oo for 10 days’ ex 
amination on approval. In 10 days I will remit 
for book(s) I keep, plus few cents for delivery 
costs, and return unwanted book(s) postpaid. (We 
pay delivery costs if you remit with this coupon 
same return privilege. ) 
©) Dummer & Nordenberg—Fixed 
Capacitors, $10.00 


Jie. Londe—Prof. Eng. Exam. Ques 
7.50 


and Variable 


& Ans., 





() Shank—Control of Steel Constr. to Avoid Brittle 
Failure, $4.50 


Mechanics, $5.50 
Basic Graphical Kinematics 


} Breneman 
0 Kepke 
Name 
Address 
City Zone 
Company 


For price and terms outside U 


write MoGraw-Hill tot'l, ny 2. 





DESIGN LITERATURE . continued 


of each, illustrated by representative com- 
ponent parts. Final page lists NEMA 
tolerances for laminated sheet materials in 
standard thicknesses. Comco Plastics Inc, 
98-34 Jamaica Ave, Richmond Hill 18, 
NY 

Circle 367 on Reader Service Card 


SINTERED BRONZE BEARINGS 
Catalog 60-04, 4 pp. Tells how 
bronze bearings have been designed to re 
place miniature precision ballbearings in 
some applications. Includes design fea 
tures, available styles and sizes, specifica- 
tions and applications. Northfield Preci 
sion Instrument Corp, 4400 Austin Blvd, 
Island Park, NY. 

Circle 368 on Reader Service Card 


sintered 


THROTTLE VALVES—Bulletin 460, 4 
pp. Illustrates and describes line of throt 
tle valves for safe control of compressed 
air on pneumatic operating equipment 
Hose Accessories Co, 2720 N 17th St, 
Philadelphia 32 

Circle 369 on Reader Service Card 


ADJUSTABLE INDUSTRIAL PULSE 
SWITCH-—Data sheet 173, 2 pp. Dis 
cusses features of adjustable industrial 
pulse switch and includes photos, dimen 
sional drawings, characteristics and prices 
Micro Switch, Freeport, Il. 

Circle 370 on Reader Service Card 


ARC INHIBITORS—Bulletin 9600, 2 pp 
Describes application and installation of 
arc inhibitors and includes electrical char 
acteristics and dimensions. Square D Co, 
EC&M Div, 4500 Lee Rd, Cleveland 28 

Circle 371 on Reader Service Card 


POROUS - ANODE CAPACITORS - 
Bulletin GEA-7008A, 4 pp. Gives specifi 
cations for line of porous-anode capacitors, 
as well as performance characteristics and 


curves. General Electric Co, Schenectady 


4 
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LETTERHEAD REQUESTS ONLY 


Manufacturers who published following 
literature asked that requests for copies be 
made on company letterheads. 


ELECTRONIC TEST INSTRUMENTS 
AND PANEL METERS-—Catalog 28/In- 
dustrial, 20 pp. Contains electrical and 
mechanical specifications, ratings and il 
lustrations of electronic test equipment 
and panel meters. Precision Apparatus 
Co Inc, 70-31 84th St, Glendale 27, NY 


CUSTOM EXTRUSIONS-—Brochure, 72 
pp. Covers design and application of ex 
trusions; information about properties and 
short descriptions of materials. Includes 
over 700 cross-sectional diagrams of ex- 
truded molding. Anchor Plastics Co, 
36-36 36th St, Long Island City 6, NY 





DQ YOU 
HAVE A 
NEW 
PRODUCT 
IDEA? 


Large, well-capitalized manufacturer 


with extensive product 


development 
and marketing facilities is anxious to 
screen ideas and inventions of new 
items which would have volume appli- 
cation in industry, commercial establish- 
ments or homes. Need for practicality 
suggests that ideas come mainly from 
technical 


persons of engineering or 


background. Full legal protection. In 
first communication, describe the nature 
of the product and its specific applica- 
tions, and indicate the present stage of 
forms for 


its development. Request 


formal detailed submission and ac- 


knowledgement. 


Write 80-4679, Product Engineering 
Class. Adv. Div., P.O. Box 12, N.Y. 36, N.Y. 
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REPRINTS 


As long as the supply lasts, readers 
in US and Canada can secure one copy 
of “P” lettered reprints, without 
charge, by using one of the Reader 
Service cards bound inside the back 
cover. Note that the card must be used 
within 60 days of publication date 


Digital Storage Devices 55 
Epicyclic Gear Systems 54 
ee 53 
Selecting the Right Solenoid 52 
Pneumatics Simulate Electronics 51 
Wear Life of Rolling Surfaces 50 
Electrical Analogs Simplify Heat- 
flow Analysis ...... .P 49 
Shaping Vulcanized Fibre Parts..P 48 
Centralized Lubrication 47 
Integral Ballibearings 46 
3-D Harness Wiring 45 
Standards for Metal Hose a4 
Marking Your Part... , 
7 Steps to Better Ora! Reporting..P 
Best Results with Printed Wiring.P 
Elliptical Gears ... P 
Variable-Speed Motor Drive P 
Faster Ways to Set Statistical 
Tolerances 
4 Types of Vibrators 
Resin-Bonded Wood Compositions 


SPECIAL REPORTS 


Here is a list of special reports still 
available. You may obtain them by 
writing Reader Service Dept., PROD 
UCT ENGINEERING, 330 W 42 St., 
New York 36. Please enclose remit 
tance with order; we pay postage 
Solid Aluminum Bearings (25¢)..R 54 
Significance of Wk* (25¢) R 53 
You and Your Employer (25¢) R 
How to Choose the Right Solder 

Flux (25¢) ade R 51 
Magnesium Finishes (25¢)......R 50 
Positive-Displacement Pumps 

(25¢) .... ..ee eR 49 





Materials and Processes for 
Reinfoiced-plastic Molded Parts 

Here is a 60-page combined re- 
print of 11 articles presenting de- 
sign data on the seven processes 
for producing glass-reinforced plas- 
tle parts in commercial volume 
applications. $2 ........ ...R 48 











Fastening Gears to Shafts.......R 47 
Manual for Reliability (32 p 50¢).R 46 
Stress Analysis of Combined Loads 

on Beams (25¢) 45 
Aluminum Diecastings (25¢) ....R 44 
The Rare Earth Metals (25¢)....R 43 
“land Lay-Up (25¢).............R 42 
Design by Digital Computer 

(16 p 50¢) 41 
Four Bar Linkages (25¢) 40 
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LOWELL 


REVERSIBLE RATCHET 


WRENCHES 
designed to solve your problems 


Speed of operation, simplicity of 
ratchet control, great strength... 
these are three big reasons why ma- 
chinery designers write Lowell Re- 
versible Ratchet Wrenches into their 
specifications. 


@ Remote or conventional reversing 
control. 


@ Handles any length up to 6 ft. 


This Niagara double 

crank gap frame press 

for long die area work 

uses @ special built-in 
Lowell Series 20 Wrench for 
quality performance. quick adjustment of the slide. 


@ Socket openings any size or 
shape. 


@ Engineered for 


WRITE TODAY FOR TECHNICAL DATA 


LOWELL WRENCH CO. 


89 Temple Street Worcester 4, Massachusetts 
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For BE77ER POWDERED METAL PARTS 
Specify MERRIMAN 


QUALITY ° PERFECTION 
UNFAILING PERFORMANCE 


Originators of sintered helical gears. Master 
craftsmen in producing highest quality, dimensionally 
perfect parts from powdered metal in Brass, Bronze, 
Copper, Nickle Silver, Steel, Iron, Iron Alloys 

— Copper Infiltration. 


WRITE FOR CATALOG AND TECHNICAL BULLETIN. 


POWDERED METAL DIVISION 


MERRIMAN BROS., INC. 


ORIGINATORS OF SINTERED HELICAL GEARS 
185 Amory Street Boston 30, Mass. 
REPRESENTATIVES IN PRINCIPAL CITIES 


183 So. Chatsworth — 30! 793 Laurelton Rd. 26018 West Seven Mile Rd. 
St. Paul, Minn. Rochester 9, N.Y. Detrolt 1%, Mich. 
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EMPLOYMENT 
OPPORTUNITIES 














CLEVITE'S ubra-modern 
SEMICONDUCTOR PLANT 


on 
FABULOUS “ELECTRONICS HIGHWAY" 
Route 128 


MECHANICAL ENGINEERS 
MACHINE DESIGNERS 


BENEFITS: © Top Salaries @ Blue 
Cross-Blue Shield @ Tuition Reim- 
bursement @ Paid Accident and 
Health Insurance @ Pension Plan 
@ Paid Vacations 


CITIZENSHIP NOT REQUIRED 
CALL COLLECT or send resume 


to Engineering Placement Director 


CLEVITE 


TRANSISTOR 
Waltham 54, Mass. TWinbrook 4-9330 








PROFESSIONAL 
SERVICES 











RELIABILITY EVALUATION 
AND IMPROVEMENT 


* Practical appli of d techniques in 
Statistical Methods | for Engineering Research and 
t and 


a 
RATH & STRONG, INC. 
Industrial Consultants 
140 ae St., Boston 10, Mass. 
berty 2-6658 




















ippaes BOX NO 
lassified Adv. Div. of thie publi 
Send to office nearest you 
VEW YORK 36; P. 0. Bow 12 
CHICAGO 11: 520 N. Michigan A 
SAN FRANCISCO |: 68 


REPLIES TO: B 








POSITION WANTED 


Product Designer, Pratt Grad. Ind. Design, 9 
years experience, administrative & board 
work So. Calif. area. PW-4629, Product 
Engineering. 


DON’T FORGET 


the box number when answering adver- 
tisements. It is the only way we can 
identify the advertiser to whom you are 
writing. 








120 


Post St. | 
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Books 
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Metal Forming 
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ATLANTA 3... . Ray K. Burnet, 
Haverty Bldg, Jackson 3-6951 

BOSTON 16... M. A. Williamson, Jr., 350 
Park Square Bidg, Hubbard 2-7160 

CHICAGO 13 .. . Mid-Western Ady Sales 
Manager, A. E. Meanor; R. W. Bruley, L. An- 
derson, 520 N Michigan Ave, Mohawk 4-5800 

CLEVELAND 13... A, F. Tischer, 7164 Illumin- 
ating Bldg, 55 Public Sq, Superior 1-7000 

DALLAS 1 . « John Grant, 901 Vaughn 
Bldg, 1712 Commerce St, Riverside 7-5117 

DENVER 2... John W. Patten, Tower Bidg, 
1700 Broadway, Alpine 5-2981 

DETROIT 26... P. B. Robinson, 856 Penobscot 
Bldg, Woodward 2-1793 

HOUSTON 25 Gene Holland, W-724 
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ing postal sone number, if any. If possible, 4 
an address label from a recent istue of the 


solicited only from executives, engineers and con: 
sullants engaged in the design of machinery —~ 
other engineered ucts. Position and 


produc’ 
connection must be indicated on subscription rs. 


Bond, President; Shelto: 

Senior Vice Presidents; John R. Callahamn, Vice President 

and Editor! 

and Di . 

panne 4) and Cee Coordinator. OFFICERS oF — 
dent; 


OFFICERS OF THE by 0 geveseeen Nelson L. 
Pisher, Wallace F. Traendly, 


‘ORPORATION: Donald 
Gerardi. Hugh " canta Sack 
Vice Presidents Goodrich, Vice 
Treasurer: John 4. . 





CLASSIFIED 

F. J. Eberle, 
EMPLOYMENT OPPORTUNITIES 
Index to Advertisers appears on P 


ADVERTISING 
Business Mgr 

118, 12% 
121 


Products Index appears on P. 120 


CIRCLE 121 ON READER SERVICE CARD 


STEWARD'S 
MAGNET 
FAMILY 


High Energy Product 


r-900 


ORIENTED 
CERAMIC 
PERMANENT 
MAGNET 


BH=3 
2000 Oe 


5x 106 G.0e 
Br 
APPLICATIONS: 
LOUDSPEAKER MAGNETS 
MAGNETIC SEPARATORS AND 
OTHERS REQUIRING HIGH BH 
PRODUCT AND COERCIVITY 


Look to D. M. Steward Manufacturing 
Company for all of your Ceramic 
Magnet requirements. 


Write for F-500 brochure to: 
D. M. STEWARD MFG. CO. 


3640 JERROME AVENUE 
CHATTANOOGA, TENNESSEE 


He 3900 G 


121 





Excellent ele 


lard formulations of Laminac” Poly 


' } 
been re placing wood 


pioneered the re 


Laminac speciall: 


LAMINAC 4107. Outstanding 
chemical-resistant resin; high 
reactivity; suitable for compres- 
sion molding; especially suited 


for chemical tanks, exhaust 


systems and other equipment. 


—_ 
— <wYANANAIZI DD = 


South Cherry Street, 
MINNEAPOLIS + NEW YORK + 
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iforced plastic S 


ompounded 


Wallingford, Conn. 
OAKLAND + PHILADELPHIA + ST. 


LAMINAC’ 


shape 


trica properties 
estel 


steel in countless 


ield. Whatever 


ana 


to solve you! | 


LAMINAC 4103. Medium reac- 
tive resilient resin for craze- 
free moldings; ideal for molded 
parts required to withstand 


heavy mechanical abuse, such 


as auto bodies, carrying cases. 


AMER 

PLASTIC 
OFFICES IN: BOSTON - 
Louis 
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problems 


CYANAMID C 
S AND 
CHARLOTTE 


+ SEATTLE + IN CANADA: 


Bel Ww 


are 1mSt a few ol 


the 


ns. Reinforced plastics with Laminac have 


ince 1942 when 


} a1 
needs, Live 


For 


LAMINAC 4152. An outstanding 
resin for spray gun applications; 
rapid cure; unexcelled strength 
properties in laminates with 
chopped glass fibers; for use in 


boats, swimming pools, other 


large structures. 
OMPANY 
RESINS DIVISION 

* CHICAGO + CINCINNATI - 


American ( 


more information, 


CLEVELAND - 
CYANAMID OF CANADA LIMITED, MONTREAL + TORONTO 


\ inamid 


re is a formulation of versatile 


write us today. 


LAMINAC 4128. Highly reactive, 
heat-resistant resin for hand 
lay-up or compression molding; 
exceptional strength in lami 
nates; qualified for military 
specification MIL-R-7575A; ideal 
for glass preform binders; for 
ducts, fuel tanks, storage tanks, 
aircraft parts. 


DALLAS + DETROIT + LOS ANGELES 
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PERSONAL READER SERVICE 


USE ATTACHED CARDS . « « Data on Materials and Components 
FOR PERSONAL COPIES | Sse cmegieaniaeseaie 
OF ADDITIONAL : : : Brochures on Advertised Products 


Personal Suscriptions to 


PRODUCT DESIGN DATA PRODUCT ENGINEERING 
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EvoIve e&r 








Valuable new data on product 





design engineering — readily, 





available to you — FREE. BUSINESS REPLY MAIL 


Just circle the numbers on the nN M 











request cards that are identical 
with the numbers printed under i 
each Advertisement, New Product 


and Bulletin throughoui this issue PRODUCT ENGINEERING 
Reprint numbers are prefaced 330 WEST 42nd STREET 


with the letter “P” One free 
reprint is available for each article NEW YORK 36, N. Y 
offered. 





PROonowuU< ' 


ewaorwe : ’ 


USE THIS CARD 











—> 


to be sure that you get your per 


sonal copy of the Design Digest BUSINESS REPLY MAIL 


issue mailed in mid-September 

















This comes as part of every regu 


lar subse ription (U.S.A, ) at 


$3.00 per year. PRODUCT ENGINEERING 


This single popular issue will 330 WEST 42nd STREET 


contain more than 600 pages of 
basic design information ... or- NEW YORK 36. N. Y 
ganized and indexed for ready 


reference. 
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ADD TO YOUR DESIGN REFERENCE FILE FROM 


EDITORIAL RE 
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e sprint tree 
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RESIN-BONDED WOOD 
COMPOSITIONS—2/29/ 60 


FOUR TYPES OF VIBRATORS 
3/7/60 


FASTER WAY YTO SET STATISTI 
CAL TOLERANCES—3/21/60 


VARIABLE SPEED MOTOR 
DRIVE—3/28/60 


ELLIPTICAL GEARS—3/28/ 60 


BEST RESULTS WITH PRINTED 
WIRING—4/4/60 


PRINTS AVAILABL 


E 


tity pr 


ces mn page 119 


P42—7 STEPS TO BETTER ORAL 
REPORTING 
P43—MARKING YOUR PART—4/4/60 


P44—STANDARD FOR METAL HOSE 
4/11/60 


P45—3-D HARNESS WIRING—4/18/60 


P46—INTEGRAL BALL BEARINGS— 
4/25/60 


P47—WHEN TO SPECIFY CENTRAL 
IZED LUBRICATION—5/2/60 


TAKE ADVANTAGE OF NEW LOW PRICE! 


CT ENGINEERING sent each week 


only* 


ou wont miss G Single weekly issue 


have your copy of the annva 


years to come 


2 years—NOW $4 


* Canada 
1 year—$5 
2 years—$8 


Dept 
State 


Product Mfgd 


P48—-THESE NINE WAYS FOR SHAP- 
ING VULCANIZED FIBRE PARTS 
—B5 /2/60 


P49—ELECTRICAL ANALOG SIMPLIFIES 
HEATFLOW ANALYSIS—5/2/60 


PSO—WEAR LIFE OF ROLLING SUR 
FACES—5/ 9/60 


—PNEUMATICS SIMULATES 
ELECTRONICS—5/9/60 


—SELECTING THE RIGHT 
SOLENOID—5 /23/60 


—BELT DRIVES—5/30/60 


EPICYCLIC GEAR SYSTEMS 
6/13/60 


P55—DIGITAL STORAGE DEVICES 
6/20/60 


NEW CATALOGS 
AND BULLETINS 


METALS AND ALLOYS 


NON-METALLIC MATERIALS, FINISHES 


FABRICATION PROCESSES AND 
PRODUCTION 


POWER TRANSMISSION 


MECHANICAL PARTS 


iY 





THIS WEALTH OF VITAL INFORMATION . . 


NEW COMPONENTS 


FASTENING AND JOINING 


METALS AND ALLOYS 


MOTORS, ENGINES AND CONTROLS 


NON-METALLIC MATERIALS, FINISHES 


HYDRAULIC, PNEUMATIC EQUIPMENT 


ELECTRICAL, ELECTRONIC 
POWER TRANSMISSON COMPONENTS 


MECHANICAL PARTS 





FASTENING AND JOINING 


ELECTRICAL, ELECTRONIC 
COMPONENTS 


HYDRAULIC, PNEUMATIC EQUIPMENT 





USE THESE PREPAID CARDS FOR 


on advertised products 
materiais and components 
f catalogs and bulletins offered 
ree editorial reprints 


rsonal subs« ription to PRODI ( ] ENGINEERING 
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___BUSINESS REPLY MAIL Information 
Sent 











PRODUCT ENGINEERING Promptly 


330 WEST 42nd STREET 


NEW YORK 36, N. Y 


An Opportunity 
To Get 





PROoORDOUCT 
BS voervel Ee Fire 


More Information 


Quickly, 


Conveniently 














BUSINESS REPLY MAIL 
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330 WEST 42nd STREET 
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A rugged, dependable new shaft seal 
for a broad variety of applications 


NATIONAL BUD* SEALS 


410,000 series 450,000 series 470,000 series 480,000 series 


HEAVY DUTY EXTRA RUGGED STANDARD LOW-COST UTILITY DESIGN 


New designs proven in 4 years Phosphate coating avoids rust 
of field application Seal has superior concentricity 


Permanent bonded sealing lip, Sealing materials for temperatures 
longer life, leakproof sealing —65° F to 400° F 


Rugged case won't distort under Operates in most oils or 
severe press fit industrial fluids 


National Seal engineers — who brought you single-lip and double-lip designs were previously 
Syntech® and Micro-Torc now offer a ruggedly specified. 
simple new advance in precision shaft sealing 


F il i hel 
National BUD (Bonded Universal Design) Oil un CEES SE GRE HOUSER SRE RRSENE DEP on 


Seals National BUD or other oil seals are available from 
: your National Seal Division, Field Engineers. See 


BUD seals are designed for a broad variety of ap- the Yellow Pages under “Oil Seals” or write direct 
plications, including many where more complex to Redwood City, Calif., home offices. 


*TRADF MARK NATIONAL SEAL 


Ta a SRE BT ~ A ats) rae Wie: 


‘ ~ eee Oe 


NATIONAL SEAL 


Division, Federal-Mogul-Bower Bearings, Inc. 

General Offices: Redwood City, California 

Plants: Van Wert, Ohio; Downey and Redwood City, 
California, 
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BEARING DESIGN OF 
EMERSON ELECTRIC MOTORS 


Is Self-Oiling, Self-Aligning to assure 
Free Starting and Smooth Operation 
at all times The bronze bearing in Emerson 


Electric Motors has thousands of tiny cells that cause the 
bearing to act as a metal sponge and feed the shaft journal 
a controlled flow of lubricant. In cooling, it draws off excess 
oil to give free starting at low temperatures. Self-Alignment 
minimizes friction and greatly increases motor life when 
you install Emerson Electric Motors in your appliances 
and equipment. Emerson Electric Motors are custom 
engineered to meet your specific needs. Call us today 


you'll like our way of doing business 


-EMERSON ELECTRIC of St.Louis + Since 1890 


DEPT M21, oS 1 


PLOR I SOSanvTe ST. 36 MO e CC 
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